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BOOK  II.  OF  PART  I.  CONTINUED. 


CHAP.  IV. 
OF  ACIDS. 


J.  HE  word  Acid,  originally  synonymous  with  Sour, 
and  applied  only  to  bodies  distinguished  by  that  taste, 
has  been  gradually  extended  in  its  signification  by  che- 
mists, and  now  comprehends  under  it  all  substances 
possessed  of  the  following  properties  : 

1.  When  applied  to  the  tongue,  they  excite  that  sen- 
sation which  is  called  sour  or  acid. 

2.  They  change  the  blue  colours  of  vegetables  to  a 
red.  The  vegetable  blues  employed  for  this  purpose 
are  generally  tincture  of  litmus  and  syrup  of  violets  or 
of  radishes,  which  have  obtained  the  name  of  reagents 
or  tests.  If  these  colours  have  been  previously  con*. 
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verted  to  a green  by  alkalies,  the  acids  restore  them 
again. 

3.  They  unite  with  water  in  almost  any  proportion. 

4.  They  combine  with  all  the  alkalies,  and  most  of 
the  metallic  oxides  and  earths,  and  form  with  them 
those  compounds  which  are  called  salts. 

It  must  be  remarked,  however,  that  every  acid  does 
not  possess  all  these  properties*,  but  all  of  them  possess 
a sufficient  number  of  them  to  distinguish  them  from 
other  substances.  And  this  is  the  only  purpose  which 
artificial  definition  is  meant  to  answer. 

The  acids  are  by  far  the  most  important  class  of  bo- 
dies in  chemistry.  It  was  by  their  means  indeed,  by 
studying  their  properties,  and  by  employing  them  as 
instruments  in  the  examination  of  other  bodies,  that 
men  of  science  laid  the  foundation  of  chemistry,  and 
brought  it  to  that  state  in  which  we  find  it  at  present. 
The  nature  and  composition  of  acids,  therefore,  became 
a very  important  point  of  discussion,  and  occupied  the 
attention  of  the  most  eminent  cultivators  of  the  science. 

Paracelsus  believed  that  there  was  only  one  acid  prin- 
ciple in  nature  which  communicated  taste  and. solubility 
to  the  bodies  in  which  it  was  combined.  Beecher  em- 
braced the  same  opinion  ; and  added  to  it,  that  this  acid 
principle  was  a compound  of  earth  and  water,  which  he 
considered  as  two  elements.  Stahl  adopted  the  theory 
of  Beecher,  and  endeavoured  to  prove  that  his  acid  prin- 
ciple is  sulphuric  acid;  of  which,  according  to  him,  all 
the  other  acids  are  mere  compounds.  But  his  proofs 
were  only  conjectures  or  vague  experiments,  from  which 
nothing  could  be  deduced.  Nevertheless,  his  opinion, 
like  every  other  which  he  advanced  in  chemistry,  con- 
tinued to  have  supporters  for  a long  time,  and  was  even 
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countenanced  by  Macquer.  At  last  its  defects  began  Chap.  IV. 
to  be  perceived  : Bergman  and  Scheele  declared  openly 
against  it ; and  their  discoveries,  together  with  those 
of  Lavoisier,  demonstrated  the  falsehood  of  both  parts 
of  the  theory,  by  shewing  that  sulphuric  acid  does  not 
exist  in  the  other  acids,  and  that  it  is  not  composed  of 
vrater  and  earth,  but  of  sulphur  and  oxygen. 

The  opinion,  however,  that  acidity  is  owing  to  some 
principle  common  to  all  the  salts,  was  not  abandoned. 
Wallerius,  Meyer,  and  Sage,  had  advanced  different 
theories  in  succession  about  the  nature  of  this  prin- 
ciple ; but  as  they  were  founded  rather  on  conjecture 
and  analogy  than  direct  proof,  they  obtained  but  few 
advocates.  At  last  Mr  Lavoisier,  by  a number  of  in- 
genious and  accurate  experiments,  proved  that  several 
combustible  substances  when  united  with  oxygen  form 
acids ; that  a great  number  of  acids  contain  oxygen  ; Supposed 
and  that  when  this  principle  is  separated  from  them,  0v7£en- 
they  lose  their  acid  properties.  He  concluded,  there- 
fore, that  the  acidifying  principle  is  oxygen,  and  that 
acids  are  nothing  else  but  combustible  substances  com- 
bined with  oxygen,  and  differing  from  one  another  ac- 
cording to  the  nature  of  the  combustible  base. 

This  conclusion,  as  far  as  regards  the  greater  num- 
ber of  acids,  is  certainly  true.  All  the  simple  combus- 
tibles, except  hydrogen,  are  convertible  into  acids  ; and 
these  acids  are  composed  of  oxygen  and  the  combus- 
tible body  combined.  This  is  the  case  also  with  four 
of  the  metals.  It  must  not,  however,  be  admited  with- 
out some  limitation. 

i.  When  it  is  said  that  oxygen  is  the  acidifying  prin- 
ciple, it  is  not  meant  surely  to  affirm  that  oxygen  pos- 
sesses the  properties  of  an  acid,  which  would  be  con- 
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trary  to  truth  ; all  that  can  be  meant  is,  that  it  enters 
as  a component  part  into  acids,  or  that  acids  contain  it 
as  an  essential  ingredient. 

2.  But,  even  in  this  sense,  the  assertion  cannot  be  ad- 
mitted : for  it  is  not  true  that  oxygen  is  an  essential  in- 
gredient in  all  acids,  or  that  no  body  possesses  the  pro- 
perty of  an  acid  unless  it  contains  oxygen.  Sulphure- 
ted  hydrogen,  for  instance,  possesses  all  the  characters 
of  an  acid,  yet  it  contains  no  oxygen. 

3.  When  it  is  said  that  oxygen  is  the  acidifying  prin- 
ciple, it  cannot  be  meant  surely  to  affirm  that  the  com- 
bination of  oxygen  with  bodies  produces  in  all  cases  an 
acid,  or  that  whenever  a body  is  combined  with  oxygen, 
the  product  is  an  acid ; for  the  contrary  is  known  to 
every  chemist.  Hydrogen,  for  instance,  when  combi- 
ned with  oxygen,  forms  not  an  acid,  but  water,  and  the 
greater  number  of  metallic  bodies  form  only  oxides. 

All  that  can  be  meant,  then,  when  it  is  said  that  oxy- 
gen is  the  acidifying  principle,  is  merely  that  it  exists 
as  a component  part  in  the  greater  number  of  acids  ; 
and  that  many  acids  are  formed  by  combustion,  or  by 
some  equivalent  process.  The  truth  is,  that  the  class 
of  acids  is  altogether  arbitrary;  formed  when  the  great- 
er number  of  the  bodies  arranged  under  it  were  un- 
known, and  before  any  precise  notion  of  what  ought 
to  constitute  the  characteristic  marks  of  an  acid  had 
been  thought  of.  New  bodies,  when  they  were  disco- 
vered, if  they  possessed  any  properties  analogous  to  the 
■known  acids,  were  referred  without  scruple  to  the  same 
class,  how  much  soever  they  differed  from  them  in  other 
particulars.  Hence  we  find,  under  the  head  of  acids, 
bodies  which  have  scarcely  a single  property  in  com- 
mon except  that  of  combining  with  ajkalies  and  earths. 
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What  substances,  for  instance,  can  be  more  dissimilar  Chap.  IV,. 

^ . | — y ■■■■ 

than  sulphuric,  prussic,  and  uric  acids  ? Hence  the  dif- 
ficulty of  assigning  the  general  characters  of  the  class 
of  acids,  and  the  disputes  which  have  arisen  about  the 
propriety  of  classing  certain  bodies  among  acids.  If 
we  lay  it  down  as  an  axiom  that  oxygen  is  the  acidify- 
ing principle,  we  must  either  include  among  acids  a 
great  number  of  bodies  which  have  not  the  smallest  re- 
semblance to  those  substances  which  are  at  present 
reckoned  acids,  or  exclude  from  the  class  several  bodies 
which  have  the  properties  of  acids  in  perfection.  The 
class  of  acids  being  perfectly  arbitrary,  there  cannot  be 
such  a thing  as  an  acidifying  principle  in  the  most  ex-  . 
tensive  sense  of  the  word. 

A good  deal  of  this  ambiguity  may  be  removed  by  Division  of 
subdividing  the  acids  into  three  classes.  For  (with  an 
exception  or  twoj  every  one  of  the  acids  arranged  un- 
der the  same  class  will  be  found  to  possess  the  same  set 
of  properties,  and  to  graduate  as  it  were  into  each  other: 
for  all  bodies  to  which  the  properties  of  acids  have 
been  ascribed,  are  either  products  of  combustion,  or  sup- 
porters of  combustion,  or  combustible.  And  upon'  exa- 
mination, it  must  appear  evident  that  each  of  these  clas- 
ses possess  such  characters  of  distinction  as  to  warrant 
their  being  considered  separately.  I shall  therefore  di- 
vide the  acids  into  the  three  following  classes  : I.  Pro- 
ducts ; 2.  Supporters;  3.  Combustibles.  The  acids  be- 
longing to  the  two  first  classes  have  only  a single  base  ; 
but  those  belonging  to  the  third  have  usually  two  or 
more  bases,  and  are  sometimes  destitute  of  oxygen. 
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Properties.  Al  L the  acids  which  belong  to  this  class  possess  the 
following  properties. 

i They  may  be  formed  by  combustion.  Of  course 
their  base  is  a combustible  substance. 

2.  They  are  incombustible. 

3.  They  cannot  be  decomposed  by  the  action  of  the 
most  violent  heat  which  can  be  applied, 

4.  They  are  all  decomposible  by  the  joint  action  of 
a combustible  body  and  caloric. 

5.  Oxygen  is  an  essential  ingredient  in  all  of  them. 
To  them,  therefore,  the  theory  of  Lavoisier  applies  with 
precision. 

Some  of  the  simple  combustibles  are  capable  of  com- 
bining with  two  doses  of  oxygen,  and  forming  acids 
with  each.  When  that  happens,  the  acid  containing 
the  minimum  of  oxygen  is  distinguished  by  the  termi- 
nation ous ; that  which  contains  the  maximum,  by  the 
termination  ic.  Thus  the  acid  of  sulphur,  with  a mi- 
nimum of  oxygen,  is  sulphurous  acid  ; the  acid  of  sul- 
phur, with  a maximum  of  oxygen,  is  sulphuric  acid. 
But  it  must  be  remarked,  that  this  mode  of  distinguish- 
ing the  doses  of  oxygen  in  acids  is  restricted  to  the 
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first  class  of  acids,  and  does  not  apply  to  the  other  two  chaP- lv- 
classes  *. 

The  acid  products  at  present  known  are  only  five  in  Names  and 
number  ; but  I am  obliged  to  add  to  them,  from  analo- 
gy,  two  other  acids  which  have  not  hitherto  been  de- 
compounded, but  whose  properties  bear  a much  closer 
resemblance  to  the  products  than  to  any  of  the  other 
classes  of  acids.  The  following  Table  exhibits  the 
names  and  constituent  parts  of  these  acids  as  far  as  they 
have  been  ascertained. 


Name?. 

Bases. 

Proportion  of 
Oxygen. 

Sulphuric 

Sulphurous 

Sulphur 

O.385 
0.1 5 ? 

Phosphoric 

Phosphorous 

Phosphorus 

0.6l 

Carbonic 

Carbon 

0.82 

Fluoric 

Boracic 

Unknown 

From  this  Table  it  is  obvious  that  the  acids  belonging 
to  this  class  are  named  from  their  bases.  The  two  last, 
the  component  parts  of  which  are  unknown,  are  deno- 
minated from  the  substances  which  contain  them  most 
abundantly. 


* For  nitrous  acid  is  merely  a compound  of  nitric  acid  and  nitric  oxide 


ACID  PRODUCTS. 


8 

Book  II. 
Division  I. 


SECT.  I. 

OF  SULPHURIC  ACID. 


Prepara- 

tion. 


Though  the  ancients  were  acquainted  with  some  of 
the  compounds  into  which  sulphuric  acid  enters,  >lum, 
for  instance,  and  green  vitriol , they  appear  to  have  been 
ignorant  of  the  acid  itself.  It  is  first  mentioned  in  the 
works  of  Basil  Valentine,  which  were  published  about 
the  end  of  the  15th  century.  It  was  for  a long  time 
obtained  by  distilling  green  vitriol,  a salt  composed  of 
sulphuric  acid  and  green  oxide  of  iron  ; hence  it  was 
called  l of  vitriol,  and  afterwards  vitriolic  acid.  An- 
other aethod  of  obtaining  it  was  by  burning  sulphur 
under  a glass  bell ; hence  it  was  called  also  oleum  sul- 
phuris  per  campanam.  The  French  chemists  in  1787, 
when  they  formed  the  new  chemical  nomenclature,  gave 
it  the  name  of  sulphuric  acid. 

1.  At  present  it  is  generally  procured  by  burning  a 
mixture  of  sulphur  and  nitre  in  chambers  lined  with 
lead.  The  theory  of  this  process  requires  no  explana- 
tion. The  nitre  supplies  a quantity  of  oxygen  to  the 
sulphur,  and  the  air  of  the  atmosphere  furnishes  the 
rest.  The  acid  thus  obtained  is  not  quite  pure,  con- 
taining a little  potass,  some  lead,  and  perhaps  also  ni- 
tric and  sulphurous  acids.  At  first  it  is  very  weak, 
being  diluted  with  the  water  necessary  for  condensing  it ; 
but  it  is  made  stronger  by  distilling  off  a poiti''n  of 
this  water.  By  this  process  it  is  made  quite  transput* 
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rent ; but  it  still  contains  a little  lead,  which  it  dissol- 
ved from  the  vessels  in  which  it  was  manufactured,  and 
a little  potass  which  it  acquired  from  the  nitre  employ- 
ed in  burning  the  sulphur.  To  obtain  it  in  a state  of 
complete  purity,  the  sulphuric  acid  of  commerce  must 
be  distilled.  This  is  easily  done  by  putting  it  into  a 
small  retort  with  a long  beak.  The  bottom  of  the  re- 
tort is  placed  upon  a fire  of  charcoal,  and  fixed  steady  by 
means  of  an  iron  ring ; while  its  beak  is  plunged  half 
way  into  a receiver,  whose  mouth  it  fits  nearly,  but  not 
exactly.  The  acid  soon  boils,  and  is  gradually  conden- 
sed in  the  receiver.  Too  great  a quantity  should  not 
be  distilled  at  once,  otherwise  the  retort  generally 
breaks  in  consequence  of  the  violent  agitation  into 
which  the  boiling  acid  is  thrown. 

Z.  Sulphuric  acid  is  a liquid  somewhat  of  an  oily  con- 
sistence, transparent  and  colourless  as  water,  without 
any  smell,  and  of  a very  strong  acid  taste.  When  ap- 
plied to  animal  or  vegetable  substances,  it  very  soon  de- 
stroys their  texture.  < •> 

It  always  contains  a quantity  of  water  ; part  of  which, 
however,  may  be  driven  off  by  the  application  of  a mo- 
derate heat.  Ihis  is  called  concentrating  the  acid . 
When  as  much  concentrated  as  possible,  its  specific  gra- 
vity is  said  to  be  2.000  ; but  it  can  seldom  be  obtained 
denser  than  1.85. 

It  changes  all  vegetable  blues  to  a red  except  indigo. 
According  to  Erxleben,  it  boils  at  546°  ; according  to 
Bergman,  at  540°  *. 

When  exposed  to  a sufficient  degreje  of  cold,  it  cry- 
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stallizes  or  freezes  ; and  after  this  has  once  taken  place, 
it  freezes  again  by  the  application  of  a much  inferior 
cold  *.  Morveau  froze  it  at  — 40  ; it  assumed  the  ap- 
pearance of  frozen  snow.  After  the  process  began,  it 
went  on  in  a cold  not  nearly  so  intense.  The  acid 
melted  slowly  at  27. 5 0 ; but  it  froze  again  at  the  same 
temperature,  and  took  five  days  to  melt  in  the  tempera- 
ture of  430  f.  Chaptal,  who  manufactured  this  acid, 
once  observed  a large  glass  vessel  full  of  it  crystallized 
at  the  temperature  of  48°.  These  crystals  were  in 
groups,  and  consisted  of  flat  hexahedral  prisms,  termi- 
nated by  a six-sided  pyramid.  They  felt  hotter  than  the 
surrounding  bodies,  and  melted  on  being  handled 
Chaptal  has  observed,  that  sulphuric  acidj  in  order  to 
crystallize,  must  not  be  too  concentrated.  This  observa- 
tion has  been  extended  a good  deal  further  by  Mr  Keir. 
He  found  that  sulphuric  acid,  of  the  specific  gravity  of 
1.780,  froze  at  450  ; but  if  it  was  either  much  more  ot 
much  less  concentrated,  it  required  a much  greater  cold 
for  congelation  j . When  as  concentrated  as  possible, 
I find  that  it  may  be  cooled  down  in  thermometer  tubes 
to  the  temperatures  of  — 36°  before  it  congeals. 

3.  Sulphuric  acid  has  a very  strong  attraction  for  wa- 
ter. Neuman  found,  that  when  exposed  to  the  atmos- 
phere it  attracted  6.25  times  its  own  weight.  Mr 
Gould  found,  that  180  grains  of  acid,  when  exposed  to 


* The  freezing  point  was  ascertained  by  the  Due  d'Ayen  in  1776.  See 
Macquer’s  Dictionary. 

4 Encycl.  Method.  r.him,  i.  376.  J Jour,  de  Phyi.  xxxi.  473. 

5 Phil.  Tram,  lxxvii.  Part  ii. 
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the  atmosphere,  attracted  68  grains  of  water  the  firft  Chap.  IV. 
day,  58  the  second,  39  the  third,  23  the  fourth,  18  the 
fifth,  and  at  last  only  5,  4,  3,  4,  3,  &c.  The  28th  day 
the  augmentation  was  only  half  a grain  *.  The  affinity 
therefore  between  sulphuric  acid  and  water,  as  is  the 
case  in  general  with  other  substances,  becomes  weaker 
the  nearer  they  approach  to  saturation.  He  does  not 
specify  the  specific  gravity  of  his  acid  ; but  as  it  only 
attracted  3.166  times  its  own  weight,  it  could  not  have 
been  very  concentrated. 

The  affinity  between  sulphuric  acid  and  water  be- 
comes still  more  striking  when  these  bodies  are  mixed 
together.  If  four  parts  of  sulphuric  acid  and  one  part 
of  ice,  both  at  the  temperature  of  3 2°,  be  mixed  toge- 
ther, the  ice  melts  instantly,  and  the  temperature  of  the 
mixture  becomes  21 2°.  On  the  other  hand,  if  four 
parts  of  ice  and  one  part  of  acid,  at  320,  be  mixed  toge- 
ther, the  temperature  sinks  to  about  — 40.  The  cause 
of  this  change  of  temperature  has  been  already  explain- 
ed. When  four  parts  of  acid  and  one  part  of  water  are 
mixed  together,  the  temperature  of  the  mixture  rises  to 
about  300  f.  The  density  of  this  compound  of  acid 
and  water  is  much  greater  than  the  mean.  Heat  is  al- 
so evolved  when  other  proportions  of  acid  and  water  are 
mixed  together,  though  not  in  so  great  quantity.  La- 
voisier and  De  la  Place  found,  that  when  2.6 25  lbs.  troy 
of  sulphuric  acid,  of  the  specific  gravity  1.87058,  were 
mixed  with  1.969  lbs.  troy  of  water,  as  much  caloric 
was  evolved  as  melted  4.1 226  lbs.  troy  of  ice,  or  as  much 


» Ibid.  1684. 


| Fourcroy,  ii.  65. 
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Dh^on11!.  caIonc  as  t3ie  acid  and  water  would  have  given  out  had 
i / they  been  heated  without  mixture  to  1 5 5.90  *. 

5rioSh  ^ haVe  n°  rCaSOn  t0  SuPPose  that  sulphuric  acid,  at 

densities.,  1 ie  density  of  2.000,  is  free  from  all  mixture  of  water  * 

so  far  from  that,  we  know  for  certain  that  it  contains  a 
considerable  proportion  ; for  when  it  is  combined  with 
other  bodies  (barytes,  for  instance,  or  potass),  there  is  a 
considerable  quantity  of  water  which  remains  behind, 
and  does  not  enter  into  the  combination.  Now,  is  it 
possible  to  determine  how  much  real  acid  and  how  much 
water  are  contained  in  a given  quantity  of  acid  of  a gi- 
ven specific  gravity  ? Attempts  were  made  to  answer 
this  important  question  by  Homberg,  by  Bergman,  by 
Wenzel,  and  by  Wiegleb  ; but  the  differences  between 
their  determinations  were  too  great  to  place  any  confi- 
dence in  their  accuracy.  The  subject  has  lately  been 
resumed,  and  prosecuted  with  much  induftry  and  skill 
• by  Mr  Kirwan,  whose  results  may  be  considered  as  ap- 
proaching as  nearly  to  perfect  accuracy  as  the  present 
state  of  the  science  admits.  His  method  was  as  follows  : 
He  dissolved  86  grains  of  potass  in  water,  and  saturated 
it  exactly  with  sulphuric  acid  of  a given  specific  gravi- 
ty (we  shall  suppose  of  2.00),  and  diluted  it  with  wa- 
ter till  its  specific  gravity  was  1.013.  The  whole 
weight  amounted  to  3694  grains.  Forty  five  grains 
of  sulphat  of  potass,  dissolved  in  1017  grains  of  distilled 
water,  have  the  same  specific  gravity  at  the  same  tem- 
perature ; whence  it  follows,  that  the  proportion  of 
salt  in  each  was  equal.  But  in  the  last  solution  the 

quantity  of  salt  was of  the  whole;  therefore  the 

2 2 • 0 


• Mem.  Par.  1780. 
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quantity  of  salt  in  the  first  was  ?— rr  159.52  grains. 

22.6 

Now  of  this  weight  86  grains  were  alkali  •,  the  remain- 
der therefore,  which  amounts  to  73.52  grains,  must  be 
acid.  But  the  quantity  of  acid  employed  was  79  grains  ; 
of  this  there  were  6.52  grains  which  did  not  enter  into 
the  combination,  and  which  must  have  been  pure  water  : 
79  parts  of  acid,  of  the  specific  gravity  2,  therefore 
contain  at  least  6.5  2 parts  of  water  ; and  consequently 
100  parts  of  it  contain  8.25  parts  of  water.  It  only 
remains  now  to  consider  how  much  water  sulphat  of 
potass  contains.  Mr  Kirwan  thinks  it  contains  none, 
because  it  loses  no  weight  in  any  degree  of  heat  below 
ignition,  and  even  when  exposed  to  a red  heat  for  half 
an  hour  it  hardly  loses  a grain.  This  is  certainly  suffi- 
cient to  prove,  at  least,  that  it  contains  very  little  water  5 
and  consequently  we  may  conclude,  with  Mr  Kirwan, 
that  100  parts  of  sulphuric  acid,  of  the  specific  gravity 
2.000,  are  composed  pretty  nearly  of  91.75  of  pure  acid 
and  8.25  of  water. 

Since  there  is  such  a strong  affinity  between  sulphu- 
ric acid  and  water,  and  since  the  density  of  the  mixture 
is  different  from  the  mean  density  of  the  ingredients,  it 
becomes  a problem  of  the  greatest  importance  to  deter- 
mine how  much  of  the  strongest  sulphuric  acid  that  can 
be  prepared  exists  in  any  given  quantity  of  sulphuric 
acid  of  inferior  specific  gravity,  and  which  consequent- 
ly consists  of  a determinate  quantity  of  this  strong  acid 
diluted  with  water. 

This  problem  has  been  solved  by  Mr  Kirwan  *.  He 


Chap.  IV. 
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Son'i.  .l00k  SuIPhuric  acid  of  specific  gravity  2.000,  which 
k— v— — - is  the  strongest  that  can  be  procured,  for  his  standard, 
and  the  point  was  to  determine  how  much  of  this  stand- 
ard acid  existed  in  a given  quantity  of  acid  of  inferior 
density. 

He  concluded,  from  a number  of  experiments  with 
sulphuric  acid,  of  the  specific  gravities  1.8846,  1.8689, 
1.8042,  1.7500  (for  he  could  not  procure  an  acid  of  the 
specific  gravity  2.000  at  the  temperature  of  6o°,  in 
which  his  experiments  were  performed),  that  when 
equal  parts  of  standard  acid  and  water  are  mixed,  the 
density  is  increased  by  -yy-th  part  of  the  whole  mixture. 
Then,  by  applying  a formula  given  by  Mr  Poujet  *, 


\ 


* Mr  Poujet  undertook  the  examination  of  the  specific  gravity  of  al- 
cohol mixed  with  different  quantities  of  water.  He  took  for  his  stand- 
ard alcohol  whose  specific  gravity  was  0.8199,  at  the  temperature  of 
65.75°.  He  then  formed  ten  mixtures ; the  first  containing  nine  mea- 
sures of  alcohol  and  one  of  water,  the  second  eight  measures  of  alcohol 
and  two  of  water,  and  so  on  till  the  last  contained  only  one  measure  of 
alcohol  and  nine  of  water.  He  took  care  that  each  of  these  measures 
should  contain  equal  bulks,  which  he  ascertained  by  weight,  observing 
that  a measure  of  water  was  to  a measure  of  alcohol  as  1 to  0.8199.  Thus 
1 0000  grains  of  water  and  8199  of  alcohol  formed  a mixture  containing 
equal  bulks  of  each.  From  the  specific  gravity  of  each  of  these  mixtures 
he  discovered  how  much  they  had  diminished  in  bulk  in  consequence  of 
mixture,  by  the  following  method  : 

Calling  A the  real  specific  gravity  of  any  of  the  mixtures ; B its  spe- 
cific gravity  found  by  calculation,  supposing  no  diminution  of  bulk  ; n 
the  number  of  measures  composing  the  whole  mass ; n — .v  the  number 
to  which  it  is  reduced  in  consequence  of  mutual  penetration — it  is  evi- 
dent, since  the  increase  of  density  does  not  diminish  the  weight  of  the 

whole  mass,  that  n B = A.  Therefore  * = — ~-B  X »,  or 


, ,.  , A— B A — B 

(making  n — 1)  — — — — . — — — is  therefore  the  diminution  of  vo- 

lume produced  by  the  mixture. 
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he  calculated,  that  the  increase  of  density,  on  mixing  Chap.  IV. 
different  quantities  of  standard  acid  and  water,  was  as 
in  the  following  Table  : 


The  following  Table  contains  the  result  of  Mr  Poujet’s  experiments, 
calculated  according  to  that  formula  ; the  whole  volume  or  n being  — i. 


Measi 

Water. 

ires  of 
Alcohol. 

Diminution  of 
the  whole  vo- 
lume ~ 1 by 
experiment. 

By  calculation. 

I 

9 

O.OIO^ 

0.01 03 

a 

8 

0.0187 

0.0184 

3' 

7 

o.oa4a 

0.024a 

4 

6 

o.oa68 

0.0276 

5 

5 

o.oa88 

6 

4 

o.oa66 

0 0276 

7 

3 

00207 

0.024a 

8 

a 

O.OI23 

0.0x84 

9 

I 

00044 

0.0103 

It  is  evident,  from  this  Table,  that  the  diminution  of  the  bulk  of  the 
mixture  follows  a regular  progression.  It  is  greatest  when  the  measures 
of  water  and  alcohol  are  equal,  and  diminishes  as  it  approaches  both  ends 
of  the  series.  Mr  Poujet  accounts  for  this  by  conceiving  the  alcohol  to 
be  dissolved  in  the  water,  which  retains  a part  of  it  in  its  pores,  or  absorbs 
it.  The  quantity  absorbed  ought  to  be  in  the  ratio  of  that  of  the  solvent 
and  of  the  body  dissolved,  arid  each  measure  of  water  will  retain  a quan- 
tity of  alcohol  proportional  to  the  number  of  measures  of  alcohol  in  the 
mixture.  Thus  in  a mixture  formed  of  nine  measures  of  alcohol  and  one 
of  water,  the  water  will  contain  a quantity  of  alcohol  = 9 ; in  one  of 
eight  measures  of  alcohol  and  two  of  water,  the  water  will  contain  a 
quantity  of  alcohol  ~ 8.  Therefore  the  diminution  of  bulk  in  each  mix- 
ture is  in  a ratio  compounded  of  the  measures  of  alcohol  and  water  which 
form  it,  in  the  Table  given  above,  as  1 X 9.1  * X 8,  3 X 7»  4 X 
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Number  of 
parts  of 
water. 

Number  of 
parts  of  stan- 
dard acid. 

Augmenta- 
tion of  den- 
sity. 

5 

95 

0.02  j2 

10 

90 

O.0479 

r5 

85 

O.0679 

20 

80 

0.0856 

25 

IS 

0.0699 

3° 

70 

0. 1 1 19 

35 

65 

O.I2I3 

40 

60 

O.I279 

45 

55 

0 i3r9 

*4 — 2 

5° 

OI333 

&c.  And  in  general,  taking  the  diminution  of  bulk  when  the  measures 
of  both  liquids  are  equal  for  a constant  quantity,  and  calling  it  c,  calling 
the  number  of  measures  n,  the  number  of  measures  of  alcohol  *,  the  in- 
crease of  density  or  diminution  of  bulk  z ; we  shall  have  c : z : : - X — 

2r  2r 


: n — xX  x,andz=:^y-X  » K — **>  or  (making  n— i)  =4  c *—4  c x2. 

The  diminution  of  bulk,  calculated  according  to  this  formula,  make 
the  last  column  of  the  Table  in  this  note.  They  correspond  very  well 
with  experiment,  while  the  measures  of  alcohol  are  more  than  those  of 
water,  but  not  when  the  reverse  is  the  case.  This  Mr  Poujet  thinks  is 
owing  to  the  attraction  which  exists  between  the  particles  of  water,  and 
which,  when  the  water  is  considerable  compared  with  the  alcohol,  resists 
the  union  of  the  water  with  the  alcohol. 

4 cnx — 41 ■ x2 
By  the  formula  z ~ 


the  quantity  of  alcohol  of  the 


standard  may  be  determined  in  any  mixture  where  the  alcohol  exceeds 
the  water. 

Let  the  number  of  measures,  or  the  whole  mass  - = 1 

The  measures  of  alcohol  - - - - = x 

The  diminution  of  bulk  at  equal  measures  - - - = e 

The  diminution  of  bulk  of  a mixture  containing  x 

measures  of  alcohol  - - — 4 c *—4 c 

The  specific  gravity  of  water  - —a 

The  specific  gravity  of  the  alcohol  - — t 

The  specific  gravity  of  the  urdyiown  mixture  — y 
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By  adding  these  augmentations  to  the  specific  gravity  Chap,  iv. 
of  the  above  mixture,  found  by  calculation,  and  taking 
the  mean  for  the  intermediate  quantities,  he  drew  up  a 
table  of  the  quantity  of  acid  of  the  density  2.00  con- 
tained in  a given  weight  of  acid  of  inferior  density,  from 
2 to  1.4666.  Sulphuric  acid  of  this  last  density  con- 
tains just  0.5  of  sulphuric  acid  of  2.  The  quantity  con- 
tained in  acids  of  inferior  densities  was  ascertained 
from  actual  observation.  He  found  by  the  first  part  of 
the  table,  that  100  parts  of  acid,  of  the  specific  gravity 
1.8472,  contained  88.5  parts  standard  ; consequently 
400  grains  of  this  acid  contain  354  grains  standard. 

He  took  six  portions  of  this  acid,  each  containing  400 
grains,  and  added  to  them  as  much  water  as  made  them 
contain  respectively  48,  46,  44,  42,  40,  38  grains  stand- 
ard. The  quantity  of  water  to  be  added,  in  order  to 
produce  this  effect,  he  found  by  the  following  method  : 

Suppose  x = the  quantity  of  water  to  be  added  to  400 
parts  of  acid,  that  the  mixture  may  contain  48  per  cent. 
of  standard  acid.  Then  400  -f- * : 354  ::  100  : 48,  and 
consequently  x rr  337.5  After  finding  the  specific 
gravity  of  these,  the  half  of  each  was  taken  out,  and  as 


Then  since  the  increase  of  density  does  not  change  the  weight  of  the. 


whole,  I — = l — 4 c x + 4 c x2  'Xy 

Hence  * = 0.5  — -jp—  + 

ocy  y/  4cy  \ 1 


— b 


8 cy 


-0.5) 


y — 


a — a x i 


I — 4 c x -{-  4 c x2 


And  making  a — 1,  b — 0.8199, c — 0.0288 
0.1801 


* = 0.5 

y- 


O.2304  y 
I — O.1801  * 


+ /t^+C— -<«) 

v o.njajy  \ 0.2304  y / 


"l  — 0.1151*  4-  0.1152  x1' 
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Strength  of 

sulphuric 

acid. 


much  water  added ; and  thus  the  specific  gravities,  cor- 
responding to  24,  23,  22,  21,  20,  19  were  found. 
Then  six  more  portions,  of  400  grains  each,  were  taken, 
of  the  specific  gravity  1.8393,  and  the  proper  quantity 
of  water  added  to  make  them  contain  36,  34,  32,  30, 
28,  26  per  cent,  of  standard.  Their  specific  gravities 
were  found,  the  half  of  them  taken  out,  and  as  much 
water  added  ; and  thus  the  specific  gravity  of  18,  17, 
16,  15,  14,  and  13  found.  Care  was  taken,  after  every 
addition  of  water,  to  allow  the  ingredients  sufficient  time 
to  unite. 

By  multiplying  the  standard  acid,  as  ascertained  in 
this  Table,  by  0.8929,  he  obtained  the  quantity  of  real 
acid  contained  in  sulphuric  acid  of  different  densities  at 
the  temperature  of  600.  This  may  be  seen  in  the  fol- 
lowing Table  *. 


100  Parts 
Sp.  Gravity. 

Real 

Acid. 

100  Parts 
Sp.  Gravity. 

Real 
A cd. 

2.0000 

89.29 

1 - 7 9 5 9 

75  — 

I.9859 

88.39 

1.7849 

74.II 

1. 9719 

87.5° 

I-7738 

73.22 

*•9579 

86. 6t 

1.7629 

72.32 

1-9439 

85-71 

1 • 7 5. 1 9 

71-43 

1.9299 

84.82 

1.7416 

7°-S4  + 

1.9168 

83-93 

1 -7312 

69  64 

1. 9041 

83.04+ 

1.7208 

68.75 

1.8914 

82.1 4 

1.7104 

67.86 

1.8787 

81.23 

1.7000 

66.96 

1.8660 

80.36 

1.6899 

66  07 

1.8542 

79.46 

1 .6800 

65.18 

1.8424 

78.57 

1.670 1 

64.28 

1 .8306 

77.68 

1.6602 

6339 

1.8188 

76.79  + 

1-6503 

62  50 

O 

O 

°o 

►H 

75.89 

1.6407 

61.61 

* Nicholson's  Journal,  iii.  213. 
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100  Parts 
Sp.  Gravity. 

Real 

Acid. 

100  Parts 
Sp.  Gravity. 

Real 

Acid. 

1.63' 2 

60.71 

I.2847 

3^-35 

I.62I7 

59  82 

1-2-757 

29.46 

I.6l22 

58-93 

1.2668 

28.57 

I.6027 

58-03 

1.2589 

27.68  + 

*•59  3* 

57-M 

1.2510 

26.78 

1.5840 

56-25 

1.2415 

35.89 

1.5748 

5 5-36  + 

1.2320 

*5  — 

2.5656 

54-46 

1. 2210 

24.10 

x.5564 

53-57 

I.21CI 

23.21 

I-S473 

52.68 

I.2OO9 

22.32 

*-5385 

5‘-78 

I.I9T8 

2I-43  + 

2.5292 

50.89 

I.1836 

20.53 

2.5202 

50.00 

1 I746 

19.64 

x.5112 

49-ix  -f- 

I.1678 

18.75 

1.5022 

48.21 

I.1614 

1 7-85 

1-4933 

47.32 

I-I53I 

16.96 

x.4844 

46.43 

I.I398 

16.07 

1-4755 

45-53 

I. I3O9 

15.18  + 

2.4666 

44-64 

1. 1 208 

14.28 

1.4427 

43-75 

I.IT29 

I3-39 

2.4289 

42.86  + 

I . I 0 I I 

12.50 

2.4099 

41.96 

I-°955 

1 1.60 

2.4010 

41-07 

1.0896 

10.71 

I-3875 

40.18 

i-o  833 

9.80 

1.3768 

39.28 

1.0780 

8.93  + 

2.3663 

38.39 

1.0725 

8.03 

i-3586 

37-5° 

1.0666 

7.14 

I-3473 

36.60 

1.0610 

6.25 

1.3360 

3 5 • 7 1 

1 -°55  5 

5-35 

I-3254 

34.82 

1.0492 

4.46 

i-3M9 

33-93 

1.0450 

3-57 

1.3102 

33  °3 

1.0396 

2.67 

i-3°56 

32-'4 

I-°343 

1.78 

1.2951 

3,-25 
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Its  composi- 
tion. 


Action  of 
oxygen, 


4.  Mr  Lavoisier  attempted  to  ascertain  the  propor- 
tion of  the  constituents  of  this  acid,  by  measuring  the 
quantity  of  oxygen  absorbed  by  a given  weight  of  sul- 
phur during  its  combustion.  His  result  was  71  parts 
of  sulphur  and  29  of  oxygen.  But  this  method  was 
not  susceptible  of  sufficient  precision  to  warrant  much 
confidence.  Mr  Thenard  had  recourse  to  a much  bet- 
ter method*,  which  was  employed  still  more  lately  for 
the  same  purpose  by  Mr  Chenevix  with  much  address  f. 
Nitric  acid  was  distilled  off  100  parts  of  pure  sulphur 
repeatedly  till  the  whole  sulphur  was  converted  into  an 
acid.  The  sulphuric  acid,  thus  formed,  was  separated 
by  means  of  barytes,  with  which  it  forms  an  insoluble 
compound.  The  100  parts  of  sulphur,  thus  acidified, 
yielded  694  parts  of  dry  sulphat  of  barytes.  Hence 
100  parts  of  sulphat  of  barytes  contain  14.5  parts  of 
sulphur.  By  another  set  of  experiments,  to  be  descri- 
bed hereafter,  Mr  Chenevix  ascertained,  that  100  parts 
of  sulphat  of  barytes  contain  23.5  parts  of  sulphuric 
acid.  Hence  it  follows  that  23.5  parts  of  sulphuric 
acid  contain  14.5  of  sulphur;  the  remaining  9 parts 
must  be  oxygen.  Therefore  sulphuric  acid  is  compo- 
sed of  14.5  parts  of  sulphur  and  9 of  oxygen  ; or,  which 
is  the  same  thing,  of  6i. 5 sulphur 

38.5  oxygen 

100.0 1 

1 4 

5.  Sulphuric  acid  is  not  altered  by  the  action  of  light 
nor  caloric.  It  does  not  combine  with  oxygen.  It  was 
affirmed  indeed  by  some  chemists,  that  sulphuric  acid 
might  be  combined  with  oxygen  by  distilling  it  off  the 


* Ann.  de  Cbim.  xxxii.  266.  f Irish  Trans.  1803,  p.  333. 
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black  oxide  of  manganese  •,  but  the  assertion  was  re- 
futed by  the  experiments  of  Vauquelin. 

6.  None  of  the  simple  combustibles  act  upon  it  at  the 
usual  temperature  of  the  atmosphere,  or  at  least  their 
action  is  so  slow  as  not  to  be  perceptible  : But  when 
they  are  assisted  by  heat,  they  are  all  capable  of  decom- 
posing it. 

When  sulphur  is  bulled  in  this  acid,  it  absorbs  a por- 
tion of  its  oxygen,  or  at  least  combines  with  it,  and  the 
whole  is  converted  into  ndphurous  acid.  Phosphorus 
also  absorbs  oxygen  from  it  by  the  assistance  of  heat, 
sulphurous  acid  is  driven  off,  and  phosphoric  acid 
formed.  At  the  boiling  temperature  charcoal  also  ab- 
sorbs oxygen  from  it,  and  converts  it  into  sulphu- 
rous acid.  At  a red  heat  it  even  converts  it  into  sul- 
phur. When  hydrogen  gas  and  sulphuric  acid  are 
made  to  pass  together  through  a red  hot  tube  of  porce- 
lain, the  acid  is  completely  decomposed,  w’ater  is  form- 
ed, and  sulphur  deposited*. 

7.  Azote  has  no  action  on  sulphuric  acid  ; but  this 
acid  readily  absorbs  muriatic  acid,  and  forms  with  it  a 
liquid  of  a brownish  tinge,  which  emits  the  dense  and 
suffocating  odour  of  muriatic  acid,  and  corrodes  vege- 
table and  even  metallic  bodies  near  which  it  happens  to 
be  placed. 

8.  When  zinc  or  iron  is  thrown  into  sulphuric  acid, 
a violent  action  takes  place,  if  the  acid  be  diluted  ; wa- 
ter is  decomposed,  its  hydrogen  flies  off,  and  its  oxygen 
combines  with  the  metals.  If  the  acid  be  concentrated, 
the  action  is  much  less  violent,  and  sulphurous  acid  ex- 
hales. Upon  tin  and  copper  the  acid  acts  very  slowly 
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and  feebly,  unless  its  action  be  assisted  by  heat,  when  it 
oxidizes  and  dissolves  them.  On  silver,  mercury,  anti- 
mony, bismuth,  arsenic,  and  tellurium,  it  does  not  act 
except  at  a pretty  high  temperature.  These  metals  ab- 
stract part  of  its  oxygen,  and  convert  one  portion  of  it 
to  sulphurous  acid,  while  another  portion  combines 
with  the  oxides  thus  formed.  When  boiling  hot  it  ox- 
idizes lead,  and  dissolves  cobalt,  nickel,  and  molybde- 
num : But  it  has  no  perceptible  action  on  gold  nor  pla- 
tinum at  any  temperature  to  which  it  can  be  raised. 

i o.  It  unites  readily  with  all  the  alkalies  and  earths  ex- 
cept silica,  and  with  most  of  the  metallic  oxides,  and 
forms  salts  denominated  sulphats.  Thus  the  combina- 
tion of  sulphuric  acid  and  soda  is  called  sulphat  of  soda  ; 
the  compound  of  sulphuric  acid  and  lime,  sulphat  of 
lime , and  so  on. 

11.  It  absorbs  a very  considerable  quantity  of  nitrous 
gas,  and  acquires  by  that  means  a purplish  colour*. 

12.  Its  affinities  are  as  follows  : 

Barytes, 

Strontian, 

Potass, 

Soda, 

Lime, 

Magnesia, 

Ammonia, 

Glucina, 

Yttria, 

Alumina, 

Zirconia, 

Metallic  oxides. 
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This  is  one  of  the  most  important  of  all  the  acids,  Chap.  IV- 
not  only  to  the  chemist  but  to  the  manufacturer  also  ; 
being  employed  to  a very  great  extent  in  a variety  of 
manufactures,  especially  in  dyeing. 


SECT.  II. 

OF  SULPHUROUS  ACID„ 

Though  some  of  the  properties  of  this  acid  must  have  History, 
been  known  in  the  remotest  ages,  as  it  is  always  form- 
ed during  the  slow  combustion  of  sulphur,  Stahl  was 
the  first  chemist  who  examined  it,  and  pointed  out  its 
peculiar  nature.  He  gave  it  the  name  of  phlogisticated 
sulphuric  acid,  from  the  supposition  that  it  is  a com- 
pound of  sulphuric  acid  and  phlogiston.  His  method  of 
procuring  it  was  to  burn  sulphur  at  a low  temperature, 
and  expose  to  its  flames  cloth  dipped  in  a solution  of 
potass.  By  this  method  he  obtained  a combination  of 
potass  and  sulphurous  acid ; for  at  a low  temperature 
sulphur  forms  by  combustion  only  sulphurous  acid. 

Scheele  pointed  out,  in  1771,  a method  of  procuring 
sulphurous  acid  in  quantities  *.  On  Stahl’s  salt  he 
poured  a portion  of  tartaric  acid,  and  then  applied  a ' 
gentle  heat.  The  sulphurous  acid  is  in  this  manner  dis- 
placed, because  its  affinity  for  potass  is  not  so  strong  as 
that  of  tartaric  acid  ; and  it  comes  over  into  the  recei- 


* Scheele,  i.  43. 
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Division  I.  ver dissolved  in  water.  Dr  Priestley,  in  1 774,  obtain- 
v ^ ^ gaseous  form,  and  examined  its  properties 

while  in  a state  of  purity* * * §.  Berthollet  published  a 
dissertation  on  its  formation,  composition,  and  uses,  in 
1782  and  1789-f-;  and  in  1797  appeared  a very  com- 
plete dissertation  on  its  combinations  by  Fourcroy  and 
Vauquelin  J. 

Prepara-  ^ I . Sulplmrous  acid  may  be  procured  by  the  follow- 
ing process  : Put  into  a glass  retort  two  parts  of  sul- 
phuric acid  and  one  part  of  mercury,  and  apply  the  heat 
of  a lamp : The  mixture  effervesces,  and  a gas  issues 
from  the  beak  of  the  retort,  and  may  be  received  in 
glass  jars  filled  with  mercury,  and  standing  in  a mercu- 
lial  trough.  This  gas  is  sulphurous  acid. 

Properties.  3.  Sulphurous  acid,  in  the  state  of  gas,  is  colourless 
and  invisible  like  common  air.  It  is  incapable  of  main- 
taining combustion  ; nor  can  animals  breathe  it  with- 
out death.  It  has  a strong  and  suffocating  odour,  pre- 
cisely the  same  with  that  exhaled  by  sulphur  burning 
with  a blue  flame:  sulphur,  by  such  a combustion,  bet 
ing  totally  converted  into  sulphurous  acid.  Its  speci- 
fic gravity,  according  to  Bergman,  is  0.00246$ ; accord- 
ing to  Lavoisier,  0.00251  ||.  It  is  therefore  somewhat 
more  than  twice  as  heavy  as  air.  One  hundred  cubic 
inches  of  it  weigh  nearly  63  grains. 

3.  This  acid  reddens  vegetable  blues,  and  gradually 
destroys  the  greater  number  of  them.  It  exercises  this 


* On  Air,  ii.  295. 

f Mem.  Par.  1782.  Ann.  de  CLim.  ii.  J4. 

I Ann.  de  Chim.  xxiv.  229. 

§ Bergman,  iii.  343. 
lj  Lavoisier’s  Clem.  Appendix. 
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power  on  a great  variety  of  vegetable  and  animal  co- 
lours. Hence  the  use  of  the  fumes  of  sulphur  in  bleach- 
ing wool  and  in  whitening  linen  stained  by  means  of 
fruits. 

4.  Dr  Priestley  discovered,  that  when  a strong  heat 
is  applied  to  this  acid  in  close  vessels,  a quantity  of  sul- 
phur is  precipitated,  and  the  acid  is  converted  into  sul- 
phuric *.  Berthollet  obtained  the  same  result : but 
Fourcroy  and  Vauquelin  could  not  succeed  f. 

According  to  Clouet  and  Monge,  when  this  gas,  in  a 
state  of  condensation,  is  exposed  to  the  temperature  of 
— 1 8°,  it  is  condensed  into  a liquid 

5.  Water  absorbs  this  acid  with  avidity.  According 
to  Dr  Priestley,  1000  grains  of  water,  at  the  tempera- 
ture 54. 50,  absorb  39.6  grains  of  this  acid.  Fourcroy, 
on  the  other  hand,  affirms,  that  water  at  40°  absorbs  the 
third  of  its  weight  of  sulphurous  acid  gas  §.  Ice  ab- 
sorbs this  gas  very  rapidly,  and  is  instantly  melted.  Wa- 
ter saturated  with  this  gas,  in  which  state  it  is  known 
by  the  name  of  liquid  sulphurous  acid,  or  sulphurous  a- 
cid,  is  of  the  specific  gravity  1.040  ^[.  It  may  be  fro- 
zen without  parting  with  any  of  the  acid  gas.  When 
water,  which  has  been  saturated  with  this  acid  at  the 
freezing  temperature,  is  exposed  to  the  heat  of  65.25°, 
it  is  filled  with  a vast  number  of  bubbles,  which  conti- 
nually increase  and  rise  to  the  surface.  These  bubbles 
are  a part  of  the  acid  separating  from  it.  It  freezes  a 
few  degrees  below  32°  ||. 


* On  Air , ii.  330.  1 Nicholson’s  Journal,  i.  313. 

t Fourcroy,  ii.  74.  § Ibid  p.  77. 

H Berthollet,  Ann.  dc  Cbim.  ii.  56. 

K Fourcroy  and  Vauquelifl,  Nicholson’s  Journal,  i.  313. 
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6.  When  liquid  sulphurous  acid  is  exposed  to  atmo- 
spheric air  or  to  oxygen  gas,  it  gradually  combines  with 
oxJSen>  and  is  converted  into  sulphuric  acid.  This 
change  takes  place  more  completely  if  the  acid  be  com- 
bined with  an  alkali  or  earth.  When  a mixture  of  sul- 
phuious  acid  gas  and  oxygen  gas  is  made  to  pass  thro’ 
a ted  hot  porcelain  tube,  the  two  bodies  combine,  and 
sulphuric  acid  is  formed*. 

Of  the  simple  combustibles,  sulphur  and  phospho- 
rus have  no  action  on  it  whatever  ; hydrogen  gas  and 
charcoal  do  not  alter  it  while  cold,  but  at  a red  heat 
they  decompose  it  completely  : water  or  carbonic  acid 
is  formed,  and  sulphur  deposited  f. 

8.  Is  either  a^ote  nor  muriatic  acid  produce  any  change 
on  it. 

9-  Sulphurous  acid  does  not  seem  capable  of  oxidizing 
or  dissolving  any  of  the  metals  except  iron,  zinc,  and 
manganese. 

10.  It  combines  with  alkalies,  earths,  and  metallic  ox- 
ides, and  forms  salts  known  by  the  name  of  sulphites. 

11.  Sulphuric  acid  absorbs  this  gas  in  considerable 
quantity.  It  acquires  a yellowish  brown  colour,  a pe- 
netrating odour,  and  the  property  of  smoking  when  ex- 
posed to  the  air.  When  this  mixture  is  distilled,  the 
first  vapour  which  comes  over,  and  which  is  a com- 
pound of  the  two  acids,  crystallizes  in  long  white 
prisms.  Ibis  singular  compound,  formerly  known  by 
the  name  of  glacial  sulphuric  acid , smokes  in  the  air  ; 
and  when  the  atmosphere  is  moist,  melts  with  efferves- 


• Priestley,  ii.  332.  Fourcroy,  ii.  74. 
f Fourcroy  and  Vauquelin. 
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eence.  When  thrown  into  water,  it  hisses  like  a red  chaP- lv* 
hot  iron.  It  has  the  odour  of  sulphurous  acid  *.  This 
curious  compound,  first  mentioned  by  Kunkel,  and  af- 
terwards by  Bohn  and  by  Neuman,  attracted  a great 
deal  of  the  attention  of  chemists,  who  attempted  to  in- 
vestigate the  cause  of  its  singular  properties.  The  ge- 
neral opinion,  in  consequence  of  the  experiments  of 
Hellot,  Wiegel,  Meyer,  and  Gottling,  was,  that  phlo- 
giston, some  how  or  other,  contributed  to  its  produc- 
tion. Dolfuszf  made  a set  of  experiments  on  it  in 
1 7 84  ; from  which  he  concluded  that  it  was  peculiar 
to  sulphat  of  iron,  by  the  distillation  of  which  it  had 
beeen  usually  procured.  These  experiments  were  re- 
peated and  varied  by  Morveau  J ; and  this  philosopher 
considered  it  as  probable  that  the  glacial  acid  is  merely 
sulphuric  acid,  totally  deprived  of  moisture.  Four- 
croy  has  lately  demonstrated  that  it  is  a compound  of 
sulphuric  and  sulphurous  acids. 

1 2.  The  affinities  of  sulphurous  acid,  as  far  as  they  Affinities 
have  been  investigated,  are  as  follows  $ : 

Barytes, 

Lime, 

Potass, 

Soda, 

Strontian, 

Magnesia,  ? 

Ammonia,  .) 

Glucina, 

Alumina, 

Zirconia. 


* Fourcroy,  ii.  78.  f Crell’s  Annals,  1785,  i.  438 

1 Encyc.  Method.  Chim.  i.  390. 
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13.  As  this  acid  is  formed  by  the  combustion  of  sul* 
phur,  it  cannot  be  doubted  that  it  is  composed  of  the 
same  ingredients  with  sulphuric  acid;  and  as  it  is  evol- 
ved from  sulphuric  acid  by  the  action  of  sulphur,  and 
likewise  by  some  of  the  metals,  it  cannot  be  doubted 
that  it  contains  a smaller  proportion  of  oxygen.  But 
no  precise  set  of  experiments  have  yet  been  made  to 
determine  the  proportion  of  its  component  parts.  Four- 
croy  affirms  that  it  contains 

85  sulphur 
1 5 oxygen 

100* 

But  he  does  not  inform  us  upon  what  evidence  he  as* 
signs  these  proportions. 


SECT.  III. 

OF  PHOSPHORIC  ACID. 

Phosphorus,  like  sulphur,  forms  an  acid  with  two 
different  proportions  of  oxygen.  Combined  with  a 
maximum  of  oxygen,  it  constitutes  phosphoric  acid  ; 
with  a smaller  proportion,  it  constitutes  phosphorous 
acid. 

Phosphoric  acid  remained  unknown  till  after  the  dis- 
covery of  phosphorus.  Boyle  is  perhaps  the  first  che- 


♦ Fourcroy,  ii.  76. 


PHOSPHORIC. 


mist  who  mentions  it ; but  Margraff  first  examined  its  Chap.  rv\ 
properties,  and  demonstrated  it  to  be  a peculiar  acid. 

Its  properties  were  afterwards  more  completely  inves- 
tigated by  Bergman,  Scheele,  Lavoisier,  Pearson,  tour- 
croy  and  Vauquelin,  and  several  other  distinguished 
ehemists. 

i.  It  may  be  formed  by  setting  fire  to  a quantity  of  Prepara* 
phosphorus  contained  in  a vessel  filled  with  oxgen  gas. 

The  phosphorus  burns  with  great  rapidity,  and  a great 
number  of  white  flakes  are  deposited,  which  are  phos- 
phoric acid  in  a state  of  purity.  It  may  be  obtained 
too  by  heating  phosphorus  under  water  till  it  melt,  and 
then  causing  a stream  of  oxygen  gas  to  pass  through  it 
by  means  of  a tube.  In  this  case  the  acid  as  it  forms 
combines  with  the  water;  but  the  liquid  may  be  evapo- 
rated off1  by  the  application  of  heat,  and  then  the  acid 
remains  behind  in  a state  of  purity.  But  the  usual 
method  of  procuring  it  is  to  throw  phosphorus  in  small 
pieces  at  a time  into  hot  nitric  acid.  A violent  effer- 
vescence takes  place,  the  phosphorus  combines  with 
oxygen,  and  nitrous  gas  is  emitted.  After  the  whole 
of  the  phosphorus  is  acidified,  the  liquid  is  to  be  eva- 
porated to  dryness,  in  order  to  drive  off  the  remains  of 
nitric  acid  which  may  not  have  been  decomposed.  This 
process  was  first  put  in  practice  by  Lavoisier.  Care 
must  be  taken  not  to  apply  too  much  heat,  not  to  add 
too  much  phosphorus  at  once,  and  not  to  have  the  ni- 
tric acid  too  strong  ; otherwise  the  phosphorus  takes 
fire,  and  usually  breaks  the  vessels  in  pieces. 

2.  The  acid,  thus  prepared,  may  be  put  into  a plati-  Properties 
num  crucible,  and  heated  to  redness  to  drive  off  all  the 
water.  It  is  then  in  a state  of  purity.  It  is  solid,  co- 
lourless, and.transparent,  and  not  unlike  glass  in  ap- 
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pearanee.  It  reddens  vegetable  blues;  it  has  no  smell; 
its  taste  is  very  acid,  but  it  does  not  destroy  the  texture 
of  organic  bodies. 

When  exposed  to  the  open  air,  it  soon  attracts  mois- 
ture, and  deliquesces  into  a thick  oily-like  liquid,  in 
which  state  it  is  usually  kept  by  chemists.  When  ex- 
posed  to  the  fire  in  a platinum  crucible,  its  water  gra- 
dually evaporates,  and  leaves  it  in  the  state  of  a trans- 
parent jelly.  If  the  heat  be  increased  it  boils  and  bub- 
bles up,  owing  to  the  separation  of  the  remainder  of  its 
water  accompanied  with  a small  portion  of  acid.  At 
a red  heat  it  remains  in  the  form  of  a transparent  li- 
quid, and  when  cooled  assumes  the  form  of  the  purest 
crystal.  In  this  state  it  is  known  by  the  name  of 
phosphoric  glass.  This  glass  is  merely  phosphoric  acid 
totally  deprived  of  water.  It  has  an  acid  taste,  is  so- 
luble in  water,  and  deliquesces  when  exposed  to  the 
air. 

The  specific  gravity  of  this  acid,  in  a state  of  dry- 
ness, is  7.687  * ^,e  state  glass,  2 85  i6f  ; in  the 

state  of  deliquescence,  1.4 1 7 J. 

3.  This  acid  is  very  soluble  in  water.  When  in  the 
state  of  white  flakes,  it  dissolves  with  a hissing  noise 
similar  to  that  made  by  red  hot  iron  plunged  into  wa- 
ter. When  in  the  state  of  glass  it  dissolves  much  more 
Slowly.  The  heat  evolved  during  the  combination  of 
this  acid  and  water  is  much  inferior  to  that  evolved 
when  sulphuric  acid  enters  into  a similar  combination. 
Phosphoric  acid  obtained  by  deliquescence,  when  mix- 


* Bergman’s  Scingrapbia,  p.  20.  Engl.  TransL 
f Hassenfratz,  Ann.  de  Cbim.  xxviii.  JI. 

J Encyt.  Method.  Cbim.  i.  221. 
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ed  with  an  equal  quantity  of  distilled  water,  acquired 
so  little  heat  as  to  raise  the  thermometer  only  one  de- 
gree, a3  Mr  Sage  observed.  Mr  Lavoisier  raised  the 
thermometer  from  50°  to  63°  by  mixing  phosphoric 
acid  boiled  to  the  consistence  of  a syrup  with  an  equal 
quantity  of  water ; and  from  50°  to  104°  when  the 
acid  was  as  thick  as  turpentine*. 

4.  Oxygen  gas  has  no  action  on  phosphoric  acid, 
whatever  be  the  temperature.  Neither  is  it  decompo- 
sed or  altered  by  any  of  the  simple  combustibles,  if  we 
except  charcoal  f ; which,  though  it  has  no  action  on  it 
while  cold,  at  a red  heat  decomposes  it  completely;  car- 
bonic acid  is  formed,  and  phosphorus  sublimed.  This 
is  the  common  process  for  obtaining  phosphorus. 

5.  Neither  of  the  simple  incomhustibles  have  any 
particular  action  on  it. 

6.  This  acid,  when  in  a liquid  state,  is  capable  of  oxi- 
dizing some  of  the  metals,  especially  when  assisted  by 
heat ; at  the  same  time  hydrogen  gas  is  emitted.  Hence 
we  see  that  the  oxidizement  is  owing  to  the  decomposi- 
tion of  water.  In  this  manner  it  oxidizes  iron,  tin, 
lead,  zinc,  antimony,  bismuth,  manganese ; but  011 
some  of  these  it  acts  very  slowly.  When  fused  with 
several  of  these  metals,  as  tin,  iron,  and  zinc,  it  is  con- 
verted into  phosphorus ; a proof  that  they  have  a strong- 
er affinity  for  oxygen. 

It  does  not  act  upon  gold,  platinum,  silver,  copper, 
mercury,  arsenic,  cobalt,  nickel.  It  appears,  however, 
to  have  some  action  on  gold  in  the  dry  way,  as  it  is 


Chap.  IV. 


Action  of 
the  combust 
tibles ; 


Of  metal?. 


* Keir’s  Dictionary. 

t And  perhaps  also  hydrogen ; but  the  experiment  has  not  been 
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called ; for  when  fused  with  gold-leaf  it  assumes  a purple 
colour ; a proof  that  the  gold  has  been  oxidized. 

7.  Phosphoric  acid  combines  with  alkalies,  earths, 
and  metallic  oxides,  and  forms  with  them  salts  known 
by  the  name  of  phosphats. 

8.  Its  affinities  are  as  follows. 

Barytes, 

Strontian, 

Lime, 

Potass, 

Soda, 

Ammonia, 

Magnesia, 

Glucina, 

Alumina, 

Zirconia, 

Metallic  oxides, 

Silica. 

9.  The  component  parts  of  this  acid  have  been  ascer- 
tained in  a more  satisfactory  manner  than  almost  any 
other  chemical  compound.  Mr  Lavoisier  proved,  that 
45  parts  of  phosphorus,  when  burnt  in  oxygen,  ab- 
sorbed about  69.375  parts  of  that  gas,  and  produced 
about  114  parts  of  phosphoric  acid*.  Hence  it  follows 
that  this  acid  is  composed  of  about 

60  oxygen 
40  phosphorus 


ICO 

or  3 parts  oxygen  to  2 parts  of  phosphorus. 


* Lavoisier’s  Element t,  p.  r«4- 
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This  acid  is  too  expensive  to  be  brought  into  common,  Chap. IV. 
use.  If  it  could  be  procured  at  a cheap  rate,  it  might 
be  employed  with  advantage,  not  only  in  several  import- 
ant chemical  manufactures,  but  also  in  medicine,  and 
perhaps  even  for  the  purposes  of  domestic  economy. 


SECT.  IV. 

OF  PHOSPHOROUS  ACID. 

The  acid  obtained  by  the  burning  of  phosphorus  dif-  History, 
fers  according  to  the  rapidity  of  the  combustion  ; or, 
which  is  tire  same  thing,  according  to  the  temperature 
in  which  the  process  is  conducted.'  When  heated  to 
148°,  it  burns  rapidly,  and  the  product  is  phosphoric 
acid:  When  allowed  to  burn  gradually,  at  the  common^ 
temperature  of  the  air,  the  product  is  phosphorous  acid, 
which  contains  a smaller  proportion  of  oxygen.  The 
difference  between  these  two  acids  had  been  remarked 
by  Sage,  by  Proust,  and  by  Morveau  ; but  it  was  Lavoi- 
sier who  first,  in  1777,  demonstrated  that  they  form 
different  compounds  with  other  bodies,  and  that  the 
difference  between  them  is  owing  to  the  different  pro- 
portions of  oxygen  which  they  contain  #. 

1 . Phosphorous  acid  is  prepared  by  exposing  phos-  Prepara- 
phorus  during  some  weeks  to  the  ordinary  tempera-  tlon" 
ture  of  the  atmosphere.  Even  in  winter  the  phos- 
phorus undergoes  a slow  combustion,  and  is  gradually 


VO L.  II. 


* Mem.  Par.  1777. 
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changed  into  a liquid  acid.  Fot  this  purpose,  it  is 
usual  to  put  small  pieces  of  phosphorus  on  the  inclined 
side  of  a glass  funnel,  through  which  the  liquor  which 
is  formed  drops  into  the  bottle  placed  to  receive  it. 
From  one  ounce  of  phosphorus  about  three  ounces  of 
acid  liquor  may  be  thus  prepared.  It  was  called  phlo- 
gisticated  phosphoric  acid  by  Morveau,  from  the  suppo- 
sition that  it  is  a compound  of  phosphoric  acid  and  phlo- 
giston. 

2.  Phosphorous  acid,  thus  prepared,  is  a viscid  liquid, 
of  different  degrees  of  consistence,  adhering  like  oil  to 
the  sides  of  the  glaps  vessel  in  which  it  is  contained.  It 
emits  the  smell  of  garlic,  especially  when  heated.  Its 
taste  is  acid  like  that  of  phosphoric  acid,  and  it  produ- 
ces the  same  effect  upon  vegetable  colours.  Its  specific 
gravity  has  not  been  determined. 

3.  It- combines  with  water  in  every  proportion  ; but 
it  cannot,  like  phosphoric  acid,  be  obtained  in  a concrete 
state. 

When  heated,  part  of  the  water  which  it  contains  is 
at  first  evaporated.  When  large  bubbles  of  air  rise  to  the 
surface,  there  they  break,  and  emit  a dense  white  smoke, 
or  even  take  fire  if  the  experiment  be  performed  in  an 
open  vessel.  The  emission  of  these  bubbles  of  phos- 
phureted  hydrogen  gas  continues  for  a long  time.  When 
the  process  is  finished,  the  acid  which  remains  is  no 
longer  phosphorous,  but  phosphoric  acid.  These  phe- 
nomena would  lead  one  to  suspect  that  phosphorous  acid 
is  not,  as  has  been  hitherto  supposed,  a compound  of 
phosphorus  and  oxygen  ; but  that  it  is  phosphoric  acid 
saturated  with  phosphureted  hydrogen  gas. 

4.  This  acid  is  converted  into  phosphoric  acid  by  ex- 
posure to  air  or  oxygen  gas.  The  process  is  exceed. 
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irigly  slow,  and  the  conversion  is  never  complete.  It 
succeeds  better  when  the  acid  is  diluted  with  a great 
proportion  of  water  *. 

5.  Phosphorous  acid  is  not  acted  upon  by  any  of  the 
simple  combustibles  except  charcoal,  and  perhaps  also 
hydrogen.  Charcoal  decomposes  it  at  a red  heat  as 
well  as  phosphoric  acid.  The  products  are  carbonic 
acid  and  phosphorus.  It  docs  not  act  on  the  simple 
incombustibles. 

6.  Its  action  on  metals  is  exactly  similar  to  that  of 

) # J 

phosphoric  acid,  excepting  only  that  the  hydrogen  gas 
evolved  during  the  oxydisement  of  the  metals  has  a fetid 
smell,  and  holds  phosphorus  in  solution. 

7.  It  combines  with  alkalies,  earths,  and  metallic  ox- 
ides, and  forms  compounds  distinguished  by  the  name 
of  phosphites. 

8.  Sulphuric  acid  produces  no  change  upon  it  while 
cold  j but  at  a boiling  heat  it  parts  with  some  of  its 
oxygen,  and  the  phosphorous  acid  is  converted  into 
phosphoric  acid.  Nitric  acid  also,  when  assisted  by 
heat,  converts  it  readily  into  phosphoric  acid.  This 
furnishes  us  with  by  far  the  best  process  for  obtaining 
phosphoric  acid  at  present  known.  Mix  phosphorous 
acid,  obtained  by  slow  combustion,  with  one-eight  of 
its  weight  of  nitric  acid  of  the  specific  gravity  1.3,  and 
distil.  The  nitric  acid  is  decomposed,  and  pure  phos- 
phoric acid  remains  behind.  For  this  process  we  are 
indebted  to  Fourcroy  f. 

9.  The  affinities  of  phosphorous  acid,  as  ascertained 
by  Bergman,  Fourcroy,  and  Vauquelin,  observe  the  fol- 
lowing order : 


* Fourcroy,  ii.  55. 
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Lime, 

Barytes, 

Strontian, 

Potass, 

Soda, 

Ammonia, 

Glucina, 

Alumina, 

Zirconia. 

This  acid  has  not  hitherto  been  put  to  any  use.  The 
history  of  its  preparation  is  sufficient  to  convince  us, 
that  it  is  composed  of  the  same  constituents  as  phosphoric 
acid  : But  the  exact  proportion  of  these  constituents  has 
not  hitherto  been  ascertained. 


SECT.  V. 

OF  CARBONIC  ACID. 

Hi*tory.  As  the  rapid  progress  of  chemistry,  during  the  latter 
part  of  the  18th  century,  was  in  a great  measure  owing 
to  the  ^discovery  of  this  acid,  it  may  be  worth  while  to 
trace  the  history  of  it  somewhat  particularly. 

Paracelsus  and  Van  Helmont  were  acquainted  with 
the  fact,  that  air  is  extricated  from  limestone  during  cer- 
tain processes,  and  the  latter  gave  to  air  thus  produced 
the  name  of  gas.  Plales  ascertained  the  quantity  of  air 
that  could  be  extricated  from  these  bodies  in  different 
processes,  and  shewed  that  it  formed  an  essential  part 
of  their  composition.  Dr  Black  proved,  that  the  sub- 
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stances  then  called  lime,  magnesia , and  alkalies , are  com- 
pounds, consisting  of  a peculiar  species  of  air , and  pure 
lime,  magnesia,  and  alkali.  To  this  species  of  air  he 
gave  the  name  of  fixed  air , because  it  existed  in  these 
bodies  in  a fixed  state.  This  air  or  gas  was  afterwards 
investigated  by  Dr  Priestley,  and  a great  number  of  its 
properties  ascertained.  From  these  properties  Mr  Keir  * 
first  concluded  that  it  was  an  acid  ; and  this  opinion 
was  soon  confirmed  by  the  experiments  of  Bergman, 
Fontana,  &c.  Dr  Priestley  at  first  suspected  that  this 
acid  entered  as  an  element  into  the  composition  of  at- 
mospherical air ; and  Bergman,  adopting  the  same  opi- 
nion, gave  it  the  name  of  aerial  acid.  Mr  Bewdly  cal- 
led it  mephitic  acid , because  it  could  not  be  respired 
without  occasioning  death ; and  this  name  was  also  a- 
dopted  by  Morveau.  Mr  Keir  called  it  calcareous  acid ; 
and  at  last  Mr  Lavoisier,  after  discovering  its  composi- 
tion, gave  it  the  name  of  carbonic  acid  gas. 

For  the  investigation  of  the  properties  of  carbonic 
acid  we  are  chieflyindebted  to  thelabours  of  Cavendish  f , 
Priestley  |,  Bergman  §,  and  Lavoisier  ||.  Valuable  dis- 
sertations on  it  were  also  published  by  Macbride  f , 
Lane  **,  Jacquinff,  Landriani||,  Fontana,  and  many 
other  distinguished  chemists. 


* Keir’s  Macquer,  art.  Air. 

+ Phil.  Trans.  1 7 66,  lvi.  141.  J Priestley,  i.  43. 

j Opusc.  i.  I.  ||  Mem.  Par.  1776. 

1 Experimental  Essays,  1 764.  **  Priestley,  i.  5. 

tt  Examen.  Cbem.  Doct.  Meyer , de  Acido  Pingui  et  Blaciianx  de  Aere 
Fixo,  1769. 

B Crell’s  Annals,  1785,  ii.  1 39. 
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I.  Carbonic  acid  being  a compound  of  carbon  and 
oxygen,  may  be  formed  by  burning  charcoal ; but  as  it 
exists  in  great  abundance  ready  formed,  there  is  no  occa- 
sion to  have  recourse  to  that  expedient.  All  that  is  ne- 
cessary is  to  dilute  with  water  a quantity  of  chalk,  which 
is  a compound  of  carbonic  acid  and  lime,  and  to  pour 
upon  it  sulphuric  add.  An  effervescence  ensues,  car- 
bonic acid  is  evolved  in  the  state  of  gas,  and  may  be  re- 
ceived in  the  usual  manner. 


properties.  2.  Carbonic  acid,  when  in  the  state  of  gas,  is  invisi- 
ble and  elastic  like  common  air.  It  extinguishes  a 
candle,  and  is  unfit  for  respiration.  It  has  no  smell. 

Its  specific  gravity  is  about  0.0018  * ; but  this  varies 
according  to  its  dryness  or  moisture  f 5 too  cubic  inches 
of  it  weigh  46.5  grains. 

It  reddens  the  tincture  of  turnsol,  but  no  other  vege- 
table colour  J. 

Atmospheric  air  is  supposed  to  contain  about  ■T^ 
part  of  this  gas||. 

3.  Carbonic  acid  is  ^ot  altered  by  exposure  to  heat  in 
close  vessels,  or  by  passing  it  through  a red  hot  tube. 
But  when  electric  sparks  are  made  to  pass  through  it 
for  a long  time,  its  bulk  is  increased,  as  Dr  Priestley 


* Bergman,  i.  9. 

•f-  It  is  usually  almost  twice  as  heavy  as  common  air.  Hence  it  may  be 
poured  from  one  vessel  into  another.  When  poured  from  a wide  mouth- 
ed jar  upon  a burning  candle,  it  extinguishes  it  like  water, 

| Bergman,  i.  9. 

H At  least  near  the  surface  of  the  e?rth.  Lamanon,  Mongez , and  the 
other  unfortunate  philosophers  who  accompanied  La  Perouse  in  his  last 
voyage,  have  rendered  it  not  improbable  that  at  great  heights  the  quan- 
tity of  this  gas  is  much  smaller  They  could  detect  none  in  the  atmos- 
phere at  the  summit  of  the  Peak  of  TenerifFe. — See  Lamanon’s  Memeir 
at  Uji  end  oj  La  Pertuset  Yoyagc. 
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first  observed  ; and  in  that  case,  as  Monge  discovered,  Chap.  IV. 
an  inflammable  gas  is  always  evolved.  By  18  hours 
labour  Mr  Saussure  junior  produced  an  increase  of 
i-j-g.  parts  of  the  whole  ; one  tenth  of  the  carbonic  acid 
had  disappeared,  and  a quantity  of  carbonic  oxide  had 
been  formed.  The  copper  wires  employed  to  transmit 
the  sparks  were  oxidized  at  the  expence  of  the  acid, 
which  was  thus  partially  converted  into  carbonic  oxide.  * 

4.  Water  absorbs  it  gradually  when  allowed  to  remain  Action  of 
long  in  contact  with  it.  The  rapidity  of  the  absorption,  watcr‘ 
as  Mr  Lane  first  discovered,  is  much  increased  by  agi- 
tation. At  the  temperature  of  410  water  absorbs  its 
own  bulk  of  this  gas.  The  specific  gravity  of  water  sa- 
turated with  it  is  1. 001 5.  This  water,  at  the  tempera- 
ture of  350,  has  little  taste-,  but  if  it  be  left  a few 
hours  in  the  temperature  of  88°,  it  assumes  an  agreea- 
ble acidity,  and  a sparkling  appearance  f. 

Ice  absorbs  no  carbonic  acid  ; and  if  water  containing 
it  be  frozen,  the  whole  separates  in  the  act  of  freezing 
This  gas  also  separates  from  water  at  the  boiling  tempe- 
rature §. 

By  means  of  artificial  pressure,  the  quantity  of  this 
gas  absorbed  and  condensed  by  water  is  much  increased. 

Some  of  the  aerated  alkaline  water , prepared  in  London 
as  a medicine,  is  said  to  contain  about  thrice  its  volume 
of  carbonic  acid  gas  ||. 

When  this  liquid  carbonic  acid  is  left  exposed  to  the 


* Ph'd.  Mag.  xiv.  350.  ' f Bergman,  i.  9. 

t Priestley,  i.  120.  § Ibid. 

U A very  convenient  apparatus  for  this  purpose  has  been  contrived  by 
Mr  Gilbert  Austin,  and  described  in  the  Irish  ‘Transactions,  viii.  13  r. 
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air  in  an  open  vessel,  the  acid  scon  makes  its  escape  in 
the  form  of  gas,  and  leaves  the  water  in  a state  of  puri- 
ty. This  is  owing  to  its  affinity  for  common  air  ; which 
is  so  strong,  that  air,  as  Welter  observed,  is  capable  of 
abstracting  it  from  water  Bergman  left  a bottle  fil- 
led with  carbonic  acid  gas  uncorked,  and  found  that  in 
a few  days  it  contained  nothing  but  common  air. 

5.  Carbonic  acid  is  not  acted  upon  by  oxygen,  nor  is 
it  altered  by  any  of  the  simple  combustibles,  incombus- 
tibles, or  metals.  Charcoal  indeed  absorbs  it,  but  it 
gives  it  out  again  unchanged.  From  the  experiments 
of  Rouppe  and  Van  Noorden,  it  appears  that  this  ab- 
sorption is  exceedingly  rapid,  provided  the  charcoal  be 
sufficiently  freed  from  air,  by  allowing  it  to  cool  from  a 
red  heat  in  a vacuum.  They  found  that  charcoal  is  ca- 
pable of  absorbing  rather  more  than  fourteen  times  its 
bulk  of  carbonic  acid  gasf. 

Phosphorus  is  insoluble  in  carbonic  acid  gas  J.  But 
phosphorus  is  capable  of  decomposing  this  acid  by  com- 
pound affinity,  when  assisted  by  a sufficient  heat,  as  has 
been  demonstrated  by  Tennant  and  Pearson.  Iron  also 
and  zinc,  and  several  other  metals,  are  capable  of  pro- 
ducing the  same  effect,  as  has  been  discovered  by  Priest- 
ley and  Cruikshank.  In  the  first  case  the  phosphorus 
is  partly  acidified,  partly  combined  with  lime,  and  char- 
coal is  deposited  : in  the  second,  the  metals  are  oxidi- 
zed, and  gaseous  oxide  of  carbon  evolved. 

When  carbonic  acid  is  mixed  with  sulphureted, 
phosphureted,  or  carbureted  hydrogen  gas,  it  renders 


* Ann.  de  dim.  iii.  91.  f Ibid.  xxxii.  U. 

I Fourcroy  and  Vauquelin.  Ibid.  xxi.  205. 
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them  less  combustible,  but  produces  no  farther  sensible  Chap-  iv. 
change. 

6.  This  acid  is  capable  of  combining  with  alkalies,  and  Carbonats. 
■vC-ith  several  of  the  earths  and  metallic  oxides,  and  forms 

with  them  salts,  distinguished  by  the  name  of  carbonats. 

All  the  earthy  carbonats  are  insoluble  in  water.  Hence 
the  reason  that  carbonic  acid  renders  lime  water,  bary- 
tes water,  and  strontian  water  turbid.  The  earth  held 
in  solution  in  these  waters  combines  rapidly  with  the 
carbonic  acid,  which  is  of  course  absorbed,  if  in  the 
state  of  gas,  while  the  carbonat  formed  precipitates 
slowly  in  the  form  of  a white  powder.  This  occasions 
the  milkiness  which  immediately  ensues.  As  carbo- 
nic acid  is  the  only  gas  not  instantaneously  absorbable  by 
water,  which  renders  lime  water,  or  barytic  or  strontian 
water,  turbid  ; its  presence  may  be  always  ascertained 
by  means  of  these  liquids.  As  it  is  completely  absorb- 
ed by  them,  it  may  be  easily  separated  by  them  from 
other  gases  with  which  it  may  be  mixed,  and  its  quanti- 
ty ascertained  by  the  diminution  of  volume  which  the 
residuum  of  gas  has  undergone. 

7.  The  affinities  of  carbonic  acid,  as  far  as  they  have  Affinities, 
been  ascertained,  observe  the  following  order : 

Barytes, 

Strontian, 

Lime, 

Potass, 

Soda, 

Magnesia, 

Ammonia, 

Glucina, 

Zirconia. 


1 


4* 


acid  products. 


Book  II. 
Division  L 


Cipmposi- 

fcLoiu 


8-.  From  the  experiments  of  Saussure,  it  appears  that 
carbonic  acid  scarcely  combines  with  alumina  *. 

Water  containing  a little  soda,  and  supersaturated 
with  carbonic  acid,  has  been  employed  with  much  ad- 
vantage under  the  name  of  aerated  alkaline  watery  as  a 
palliative  in  cases  of  urinary  calculus. 

9.  The  opinions  of  chemists  concerning  the  composi- 
tion of  carbonic  acid  have  undergone  as  many  revolu- 
tions as  its  name.  Dr  Priestley  and  Bergman  seem  at 
first  to  have  considered  it  as  an  element ; and  several 
celebrated  chemists  maintained  that  it  was  the  acidifying 
principle.  Afterwards  it  was  discovered  to  be  a com- 
pound, and  that  oxygen  gas  was  one  of  its  component 
parts.  Upon  this  discovery  the  prevalent  opinion  of 
chemists  was,  that  it  consisted  of  oxygen  and  phlogis- 
ton ; and  when  hydrogen  and  phlogiston  came  (accord- 
ding  to  Mr  Kirwan’s  theory)  to  signify  the  same  thing, 
it  was  of  course  maintained  that  carbonic  acid  was  com- 
posed of  oxygen  and  hydrogen  : and  though  Mr  Lavoi- 
sier demonstrated,  that  it  was  formed  by  the  combina- 
tion of  carbon  and  oxygen,  this  did  not  prevent  the  old 
theory  from  being  maintained  *,  because  carbon  was  it- 
self considered  as  a compound,  into  which  a very  great 
quantity  of  hydrogen  entered.  But  after  Mr  Lavoisier 
had  demonstrated,  that  the  weight  of  the  carbonic  acid 
produced  was  precisely  equal  to  the  charcoal  and  oxy- 
gen employed  ; after  Mr  Cavendish  had  discovered  that 
oxygen  and  hydrogen  when  combined  did  not  form 
carbonic  acid,  but  water — it  was  no  longer  possible  to 
hesitate  that  this  acid  was  composed  of  carbon  and  oxy- 
gen. Accordingly  all  farther  dispute  about  it  seems 
now  at  an  end.  At  any  rate,  as  we  have  already  exa- 


* Joiir.  de  Pbys,  lii.  2S0. 
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mined  the  objections  that  have  been  made  to  this  con- 
clusion, it  would  be  improper  to  enter  upon  them  here. 

If  any  thing  was  still  wanting  to  put  this  conclusion 
beyond  the  reach  of  doubt,  it  was  to  decompound  carbo- 
nic acid,  and  thus  to  exhibit  its  component  parts  by 
analysis  as  well  as  synthesis.  This  has  been  actually 
done  by  the  ingenious  Mr  Tennant.  Into  a tube  of  glass 
he  introduced  a bit  of  phosphorus  and  some  carbonat 
of  lime.  He  then  sealed  the  tube  hermetically,  and  ap- 
plied heat.  Phosphat  of  lime  was  formed,  and  a quan- 
tity of  charcoal  deposited.  Now  phosphat  of  lime  is 
composed  of  phosphoric  acid  and  lime ; and  phos- 
phoric acid  is  composed  of  phosphorus  and  oxygen. 
The  substances  introduced  into  the  tube  were  phospho- 
rus, lime,  and  carbonic  acid;  and  the  substances  found  in 
it  were  phosphorus,  lime,  oxygen,  andcharcoal.  The  car- 
bonic acid,  therefore,  must  have  been  decomposed,  and  it 
must  have  consisted  of  oxygen  and  charcoal.  This  experi- 
ment was  repeated  by  Dr  Pearson,  who  ascertained  that  the 
weight  of  the  oxygen  and  charcoal  were  together  equal 
to  that  of  the  carbonic  acid  which  had  been  introduced  : 
and  in  order  to  shew  that  it  was  the  carbonic  acid  which 
had  been  decomposed,  he  introduced  pure  lime  and 
phosphorus  ; and  instead  of  obtaining  phosphat  of  lime 
and  carbon,  he  got  uothing  but  phosphuret  of  lime. 
These  experiments  * were  also  confirmed  by  Messrs 
Fourcroy,  Vauquelin,  Sylvestre,  and  Broigniart  f . 


Chap.  IV. 


Decompo- 

sition. 


» Ann.  de  Cbim.  xiii.  3 12. 

f Count  Mussin-Puschkin  having  boiled  a solution  of  carbonat  of  pot- 
ass on  purified  phosphorus,  obtained  charcoal.  This  he  considered  as 
an  instance  of  the  decomposition  of  carbonic  acid,  and  as  a confirmation 
of  the  experiments  related  in  the  text.  See  Ann.  dc  dim.  xxv.  ioj. 
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OB  FLUORIC  ACI  D. 


History, 


Prepara- 

tion. 


T.  he  mineral  called  Jiuor  or  fusible  spar , and  in  this 
country  Derbyshire  spar , was  not  properly  distinguish- 
ed from  other  spars  till  Margraff  published  a disserta- 
tion on  it  in  the  Berlin  Transactions  for  17 68.  He 
first  proved,  that  it  contained  no  sulphuric  acid,  as  had 
been  formerly  supposed  ; he  then  attempted  to  decom- 
pose it,  by  mixing  together  equal  quantities  of  this  mi- 
neral and  sulphuric  acid,  and  distilling  them.  By  this 
method  he  obtained  a white  sublimate , which  he  sup- 
posed to  be  the  fluor  itself  volatilized  by  the  acid.  He 
observed  with  astonishment,  that  the  glass  retort  was 
corroded,  and  even  pierced  with  holes.  Nothing  more 
was  known  concerning  fluor  till  Scheele  published  his 
experiments  three  years  after  ; by  which  he  proved,  that 
it  is  composed  chiefly  of  lime  and  a particular  acid, 
which  has  been  called  fluoric  acid. 

The  composition  of  fluoric  acid  is  equally  unknown 
with  that  of  muriatic  acid.  Mr  Henry  tried  in  vain  to 
decompose  it  by  means  of  electricity.  It  is  always  ob- 
tained from  fluor  spar,  in  which  mineral  it  is  found  in 
abundance.  For  the  investigation  of  the  properties  of 
this  acid,  we  are  indebted  chiefly  to  Scheele  and  Priest- 
ley. 

1.  It  may  be  obtained  by  putting  a quantity  of  the 
spar  in  powder  into  a retort,  pouring  over  it  an  equal 
quantity  of  sulphuric  acid,  and  then  applying  a very 
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gentle  heat.  A gas  issues  from  the  beak  of  the  retort, 
which  may  be  received  in  the  usual  manner  in  glass 
jars  standing  over  mercury.  This  gas  is  fluoric  acid*. 

The  acid  may  be  obtained  dissolved  in  water  by  lu- 
ting to  the  retort  a receiver  containing  water.  The 
distillation  is  to  be  conducted  with  a very  moderate 
heat,  not  only  to  allow  the  gas  to  condense,  but  also  to 
prevent  the  fiuor  itself  from  subliming.  After  the  pro- 
cess, provided  a glass  retort  has  been  employed,  a crust 
of  white  earth  is  found  in  the  receiver,  which  has  all 
the  properties  of  silica. 

Scheele  supposed  that  the  silica  produced  was  form- 
ed of  fluoric  acid  and  water  ; and  Bergman  adopted  the 
same  opinion.  But  Wiegleb  and  Buccholz  showed  that 
the  quantity  of  silica  was  exactly  equal  to  what  the  re- 
tort lost  in  weight  ; and  Meyer  completed  the  proof 
that  it  was  derived  from  the  glass,  by  the  following  ex- 
periment : He  put  into  each  of  three  equal  cylindrical 
tin  vessels  a mixture  of  three  ounces  of  sulphuric  acid 
and  one  ounce  of  fluor,  which  had  been  pulverized  in  a 
mortar  of  metal.  Into  the  first  he  put  one  ounce  of 
pounded  glass  ; into  the  second,  the  same,  quantity  of 
quartz  in  powder  ; and  into  the  third,  nothing.  Above 
each  of  the  vessels  he  hung  a sponge  moistened  with 
water  •,  and  having  covered  them,  he  exposed  them  to 
a moderate  heat.  The  sponge  in  the  first  cylinder  was 
covered  with  the  crust  in  half  an  hour  •,  the  sponge  in 
the  second,  in  two  hours  ; but  no  crust  was  formed  in 
the  third,  though  it  was  exposed  several  days.  In  con- 


* In  order  to  obtain  this  acid  pore,  platinum  or  silver  vessels  ought  to 
be  employed ; for  the  acid  dissolves  a portion  of  glas6  and  even  of  leaden 

vessels. 


Chap.  IV. 


/ 


46 


acid  products. 


\ 

sequence  of  this  decisive  experiment  Bergman  gave  up 
v ' opinion,  and  wrote  an  account  of  Meyer’s  experi- 
ment to  Morveau,  who  was  employed  in  translating  his 
works,  to  enable  him  to  correct  the  mistake  in  his  notes. 

Soon  after  the  discovery  of  this  acid,  difficulties  and 
doubts  concerning  its  existence  as  a peculiar  acid  were 
started  by  some  French  chemists,  disguised  under  the 
name  of  Boulanger,  and  afterwards  by  Mr  Achard  and 
Mr  Monnet.  To  remove  these  objections,  Mr  Scheele 
instituted  and  published  a new  set  of  experiments  j 
which  not  only  completely  established  the  peculiar  na- 
ture of  the  fluoric  acid,  but  once  more  displayed  the 
unrivalled  abilities  of  the  illustrious  discoverer*.  It 
would  be  needless  to  enumerate  these  objections,  as  they 
originated  entirely  from  want  of  precision,  and  did  not 
produce  a single  convert. 

Properties.  2.  Fluoric  acid  gas  is  invisible  and  elastic  like  air  ; 

it  does  not  maintain  combustion,  ntff  can  animals  breathe 
it  without  death.  It  has  a pungent  smell,  not  unlike 
that  of  muriatic  acid.  It  is  heavier  than  common  air. 
It  corrodes  the  skin  almost  instantly. 

3.  Neither  caloric  nor  light  produce  any  alteration  on 
it. 

Action  of  4.  When  water  is  admitted  in  con, tact  with  this  gas, 
it  absorbs  it  rapidly  ; and  if  the  gas  has  been  obtained 
by  means  of  glass  vessels,  it  deposites  at  the  same  time  a 
quantity  of  silica. 

Water  absorbs  a considerable  proportion  of  this  gas, 
but  the  precise  quantity  has  not  been  determined.  The 
compound  is  usually  termed  fluoric  acid  by  chemists. 


• Scheele,  ii.  38.  aad  Crell’s  Annals,  1786,  i.  3. 
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It  is  specifically  heavier  than  water,  has  an  acid  taste, 
reddens  vegetable  blues,  and  does  not  freeze  till  cooled 
down  to  23  0 *.  When  heated,  the  acid  gas  is  easily  ex- 
pelled, except  the  last  portions  of  it,  which  adhere  with 
great  obstinacy. 

5.  Neither  oxygen  gas  nor  any  of  the  simple  combus- 
tibles or  incombustibles  produce  any  change  on  fluoric 
acid,  either  in  the  gaseous  or  liquid  state. 

6.  Fluoric  acid  gas  does  not  act  upon  any  of  the  me- 
tals, but  liquid  fluoric  acid  is  capable  of  oxidizing  iron, 
zinc,  copper,  and  arsenic.  It  does  not  act  upon  gold, 
platinum,  silver,  mercury,  lead,  tin,  antimony,  cobalt. 

7.  It  combines  with  alkalies,  earths,  and  metallic  ox- 
ides, and  forms  with  them  salts  which  are  denominated 
Jluats. 

The  most  singular  property  of  fluoric  acid  is  the  faci- 
lity with  which  it  corrodes  glass  and  siliceous  bodies,  e- 
specially  when  hot,  and  the  ease  with  which  it  holds  si- 
lica in  solution  even  when  in  the  state  of  gas.  This  af- 
finity for  silica  is  so  great,  that  the  thickest  glass  ves- 
sels can  only  withstand  its  action  for  a short  time  ; and 
the  greatest  precautions  are  scarcely  sufficient  to  obtain 
it  entirely  free  from  siliceous  earth. 

8.  It  produces  no  change,  as  far  as  is  known,  upon 
any  of  the  acids  already  described. 

9.  Its  affinities  are  as  follows  : 

Lime, 

Barytes, 

Strontian, 

Magnesia, 
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* Priestley,  ij,  361. 
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Used  for 
etching  on 
glass. 


Potass,  • 

Soda, 

Ammonia, 

Glucina, 

Alumina, 

Zirconia, 

Silica. 

io.  As  fluoric  acid  produces  an  insoluble  compound 
with  lime,  it  maybe  employed  with  great  advantage,  as 
Pelletier  has  observed,  to  detect  the  presence  of  that 
earth  when  held  in  solution.  A drop  or  two  of  the  acid 
causes  a milky  cloud  or  precipitate  to  appear,  if  any 
lime  be  present.  The  property  which  this  acid  has  of 
corroding  glass,  has  induced  several  ingenious  men  to 
attempt,  by  means  of  it,  to  engrave,  or  rather  etch  upon 
glass.  The  glass  is  covered  completely  with  wax  ; and 
then  that  part  where  the  letters  or  figures  are  to  appear 
is  laid  bare  by  removing  the  wax.  The  whole  is  then 
exposed  for  some  time  to  the  hot  vapours  of  fluoric 
acid.  This  simple  process  is  employed  with  advantage 
in  writing  labels  on  glass  vessels,  and  in  graduating 
thermometers,  and  other  similar  instruments.  The  dis- 
covery is  by  no  means  new  : It  has  been  shewn  by 
Beckman  and  Accum,  that  this  acid  was  employed  for 
that  purpose  by  Henry  Swanhard,  an  artist  of  Nurem- 
berg, as  early  as  1670.  He  seems  to  have  kept  his  art 
for  some  time  secret ; but  the  receipt  was  made  public 
by  Pauli  in  1725  *. 


* See  Beckman’s  History  of  Inventions,  and  Accum,  Nicholson’s  Jour- 
nal, iv.  1.— The  following  advertisement,  published  by  these  gentlemen 
from  a German  publication  of  1725,  will  give  an  idea  of  the  method  em- 
ployed by  that  artist.  “ Take  spiritus  nitri  per  distillationem,  put  it  inte 
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SECT.  VII. 

OF  BORACIC  ACID. 

The  word  borax  first  occurs  in  the  works  of  Geber,  History, 
an  Arabian  chemist  of  the  ioth  century.  It  is  a name 
given  to  a species  of  white  salt  much  used  by  various 
artists.  Its  use  in  soldering  metals  appears  to  have  been 
known  to  Agricola. 

Borax  is  found  mixed  with  other  substances  in  Thi- 
bet. It  seems  to  exist  in  some  lands  adjacent  to  lakes, 
from  which  it  is  extracted  by  water,  and  deposited  in 
those  lakes  ; whence  in  summer,  when  the  water  is 
shallow,  it  is  extracted  and  carried  off"  in  large  lumps. 
Sometimes  the  water  in  these  lakes  is  admitted  into  re- 
servoirs; at  the  bottom  of  which,  when  the  water  is  cx- 


a retort,  and  apply  a strong  heat  When  it  has  passed  over  into  the  re- 
ceiver, threw  into  it  some  powdered  green  Bohemian  emerald  (which, 
when  heated,  shines  in  the  dark),  otherwise  called  hesphorus.  This  be- 
ing done,  place  the  receiver,  containing  the  mixture,  on  a heated  sand- 
bath  for  about  four-and-twenty  hours,  and  it  will  be  fit  for  the  purpose. 
To  use  this  corrosive  acid,  take  a pane  of  glass  of  any  kind,  clean  it  well, 
and  free  it  from  grease  by  washing  with  a ley  ; and  when  dry,  trace  out 
upon  it,  with  sulphur  and  varnish,  whatever  you  choose.  Put  a border 
of  bees  wax  round  it  about  one  inch  high,  and  tfyen  pour  the  corrosive 
acid,  prepared  as  before  directed,  carefully  over  the  whole  surface  of  the 
glass,  and  let  it  stand  undisturbed  for  some  time ; the  longer  the  better. 
The  glass  will  become  corroded ; and  all  you  had  traced  before  will  now 
appear  as  if  raised,  or  elevated,  above  the  surface  of  the  glass,  in  a very 
distinct  and  pleasing  manner.”  The  hesphorus  here  mentioned  was  evi- 
dently fluor  spar. 
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haled  by  the  summer’s  heat,  this  salt  is  found.  Hence 
it  is  carried  to  the  East  Indies,  where  itis  iu  sofne  mea- 
sure purified  and  crystallized : in  this  state  it  comes  to 
Europe,  and  is  called  tincal.  In  other  parts  of  Thibet, 
it  seems,  by  accounts  received  from  China,  they  dig  it 
out  of  the  ground  at  the  depth  of  about  two  yards, 
where  they  find  it  in  small  crystalline  masses,  called  by 
the  Chinese  mi  poun,  houi  poun,  and  pin  pcuin  ; and  the 
earth  or  ore  is  called pounxci* . 

Though  borax  has  been  in  common  use  for  nearly 
three  centuries,  it  was  only  in  1702  that  Homberg,  by 
distilling  a mixture  of  borax  and  green  vitriol,  disco- 
vered the  boracic  acid.  He  called  it  narcotic  or  sedative 
salt , from  a notion  of  his  that  it  possessed  the  proper- 
ties indicated  by  these  names.  In  his  opinion,  it  was 
merely  a product  of  the  vitriol  which  he  had  used;  but 
Lemery  the  Younger  soon  after  discovered,  that  it  could 
likewise  be  obtained  from  borax  by  means  of  the  nitric 
and  muriatic  acids.  Geoffroy  afterwards  discovered, 
that  borax  contained  soda ; and  at  last  Baron  proved, 
by  a number  of  experiments,  that  borax  is  composed 
of  boracic  acid  and  soda;  that  it  may  be  reproduced  by 
combining  these  two  substances;  and  that  therefore  the 
boracic  acid  is  not  formed  during  the  decomposition  of 
borax,  as  former  chemists  had  imagined,  but  is  a pecu- 
liar substance  which  pre-existed  in  that  salt. 

This  conclusion  has  been  called  in  question  by  Mr  Ca- 
det f;  who  affirmed,  that  it  was  composed  of  soda,  the 
•vitri/iable  earth  of  copper , another  unknown  metal,  and 
muriatic  acid.  But  this  assertion  has  never  been  con- 


# Kinvan’i  Min,  11.-37. 
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firmed  by  a single  proof.  Mr  Cadet  has  only  proved, 
that  boracic  acid  sometimes  contains  copper ; and  Beau- 
me’s  experiments  are  sufficient  to  convince  us,  that  this 
metal  is  merely  accidentally  present,  and  that  it  is  pro- 
bably derived  from  the  vessels  employed  in  crystalli- 
zing borax  ; that  boracic  acid  generally  contains  a little 
of  the  acid  employed  to  separate  it  from  the  soda  with 
which  it  is  combined  in  borax  ^ and  that  crude  borax 
contains  a quantity  of  earth  imperfectly  saturated  with 
boracic  acid. — All  which  may  be  very  true  ; but  they 
are  altogether  insufficient  to  prove  that  boracic  acid  is 
not  a peculiar  substance,  since  it  displays  properties 
different  from  every  other  body. 

Messrs  Exschaquet  and  Struve*  have  endeavoured,  on 
the  other  hand,  to  prove,  that  the  phosphoric  and  bora- 
cic acids  are  the  same.  But  their  experiments  merely 
shew,  that  these  acids  resemble  one  another  in  several 
particulars  ; and  though  they  add  considerably  to  our 
knowledge  of  the  properties  of  the  phosphoric  acid,  they 
are  quite  inadequate  to  establish  the  principle  which 
these  chemists  had  in  view  •,  since  it  is  not  sufficient  to 
prove  the  identity  of  the  two  acids,  to  shew  us  a resem- 
blance in  a few  particulars,  while  they  differ  in  many 
others.  Boracic  acid  must  therefore  be  considered  as  a 
distinct  substance. 

I.  The  easiest  method  of  procuring  boracic  acid  is 
the  following  one:  Dissolve  borax  in  hot  water,  and  fil- 
ter the  solution  ; then  add  sulphuric  acid,  by  little  and 
little,  till  the  liquid  has  a sensibly  acid  taste.  Lay  it 
aside  to  cool,  and  a great  number  of  small  shining  lami- 
nated crystals  will  form.  These  are  the  boracic  acid* 


• Jour,  de  Phyi.  xxviii.  116. 
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Action  of 
water, 


Of  simple 
bodies. 


They  are  to  be  washed  with  cold  water,  and  drained 
upon  brown  paper. 

2.  Boracic  acid,  thus  procured,  is  in  the  form  of  thin 
hexagonal  scales,  of  a silvery  whiteness,  having  some 
resemblance  to  spermaceti,  and  the  same  kind  of  greasy 
feel.  It  has  a sourish  taste  at  first,  then  makes  a bit- 
terish cooling  impression,  and  at  last  leaves  an  agreeable 
sweetness.  It  has  no  smell;  but  when  sulphuric  acid 
is  poured  on  it,  a transient  odour  of  musk  is  produ- 
ced *. 

It  reddens  vegetable  blues.  Its  specific  gravity  is 
1.479!  while  in  the  form  of  scales;  after  it  has  been 
fused  it  is  1 .803 

3.  It  is  not  altered  by  light.  It  is  perfectly  fixed  in 

the  fire.  At  a red  heat  it  melts,  and  is  converted  into 

% 

a hard  transparent  glass  ; which  becomes  somewhat 
opaque  when  exposed  to  the  air,  but  does  not  attract 
moisture. 

4.  It  is  much  less  soluble  in  water  than  any  of  the 
acids  hitherto  described.  Boiling  water  scarcely  dis- 
solves 0.02  of  boracic  acid,  and  cold  water  a still  smaller 
quantity.  When  this  solution  is  distilled  in  close  ves- 
sels, part  of  the  acid  evaporates  along  with  the  water, 
and  crystallizes  in  the  receiver.  Water,  therefore,  ren- 
ders it  in  some  measure  volatile,  though  it  is  perfectly 
fixed  when  in  a state  of  dryness. 

5.  Neither  oxygen  gas,  the  simple  combustibles,  the 
simple  incombustibles,  nor  the  metals,  produce  any 
change  upon  boracic  acid,  as  far  as  is  at  present  known. 

6.  It  is  soluble  in  alcohol ; and  alcohol  containing  it 
burns  with  a green  flame.  Paper  dipped  into  a solution 
of  boracic  acid  burns  with  a green  flame. 


* Reuss,  de  Sale  SeJat.  1778.  f Kirwan’s  Min.  il.  4, 

I Hasscnfratz,  Ann.  de  Qhim.  xxviii.  IX. 
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Though  mixed  with  fine  powder  of  charcoal,  it  is  ne- 
vertheless capable  of  vitrification ; and  with  soot  it  melts 
into  a black  bitumen-like  mass,  which  is,  however,  so- 
luble in  water,  and  cannot  be  easily  calcined  to  ashes, 
but  sublimes  in  part*. 

With  the  assistance  of  a distilling  heat  it  dissolves  in 
oils,  especially  in  mineral  oils ; and  with  these  it  yields 
fluid  and  solid  products,  which  give  a green  colour  to 
spirit  of  wine. 

When  boracic  acid  is  rubbed  with  phosphorus,  it 
does  not  prevent  its  inflammation  ; but  an  earthy  yel- 
low matter  is  left  behind  f . 

It  is  hardly  capable  of  oxidizing  or  dissolving  any  of 
the  metals  except  iron  and  zinc,  and  perhaps  copper. 

Boracic  acid  combines  with  alkalies,  alkaline  earths, 
and  alumina,  and  most  of  the  metallic  oxides,  and  forms 
compounds  which  are  called  borats. 

Its  affinities  are  as  follows : 

Lime, 

Barytes, 

Strontian, 

Magnesia, 

Potass, 

Soda, 

Ammonia, 

Glucina, 

Alumina, 

Zirconia, 

Water, 

Alcohol. 
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* Keir’s  Dictionary. 
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The  component  parts  of  this  acid  are  still  but  imper- 
fectly known.  Fabroni  has  announced  that  he  considers 
it  as  a modification  of  muriatic  acid,  and  that  it  may  be 
prepared  from  that  acid;  but  he  has  not  yet  published 
the  experiments  upon  which  these  opinions  are  found- 
ed *.  A very  curious  set  of  experiments  have  been 
lately  made  on  it  by  Crell.  By  digesting  oxy-muriatic 
acid  on  it  for  a very  long  time,  he  succeeded  in  decom- 
posing it,  and  obtained  from  it  a substance  exactly  re- 
sembling charcoal  in  its  properties  ; and  a volatile  acid 
resembling  the  muriatic  in  the  greater  number  of  its 
properties,  but  differing  from  it  in  not  precipitating  lead 
from  its  solution f. 


* Fourcroy,  ii.  128. 

f Ann.  de  Cbim.  xxxv.  203. — Crell  considers  tjhis  volatile  acid  as  very 
similar  to  the  sebacic. 
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CLASS  II. 

ACID  SUPPORTERS. 


i.  HE  acid  supporters  are  distinguished  by  the  follow- 
ing properties : 

1.  They  cannot  be  produced  by  combustion.  Hence  Properties, 
their  base  is  either  a simple  incombustible  or  a metallic 

oxide. 

2.  They  are  capable  of  supporting  combustion.  Hence 
they  readily  acidify  the  combustible  bases,  and  convert 
most  of  the  metals  into  oxides. 

3.  They  are  decomposed  by  exposure  to  a high  tem- 
perature ; their  oxygen  in  that  case  making  its  escape 
in  the  state  of  a gas. 

The  only  acids  which  possess  these  properties  in  per- 
fection are  those  which  have  the  simple  incombustibles 
and  arsenic  for  their  bases  ; but  from  analogy  I refer 
the  whole  of  the  metallic  acids  to  this  head.  None  ot 
them  can  be  produced  by  combustion ; and  as  they 
contain  a maximum  of  oxygen,  they  are  of  course  in- 
combustible : They  cannot  therefore  be  referred  to  any 
of  the  other  two  classes.  In  compliance  with  the  usual 
custom  of  chemists,  I have  reserved  for  this  place  an 
account  of  the  properties  of  liquid  muriatic  acid,  which 
constitutes  the  base  of  two  of  the  acicl  supporters. 

D4 
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Number 
and  compo- 
sition. 


The  following  Table  exhibits  a view  of  all  the  acid 
supporters,  their  composition,  and  the  proportion  of 
their  constituents,  as  far  as  they  have  been  ascertained. 


Acids. 

Bases. 

Proportion  of 
Oxygen. 

Nitric 

Azote 

O 

6 

Oxymuriatic 
Hyperoxy  muriatic 

Muriatic  acid 

0.16 

0.65 

Arsenic 

Arsenic 

0.346 

Tungstic 

Tungsten 

0.20 

Molybdic 

Molybdenum 

Chromic 

Chromium 

0.67 

Columbic 

Columbium 

Some  of  these  acids  are  of  great  importance  in  che- 
mistry. This  is  chiefly  owing  to  their  activity ; for 
which  they  are  indebted  to  the  state  of  the  oxygen 
which  they  contain.  The  theory  of  Lavoisier  applies 
with  precision  to  this  class  of  acids  as  well  as  to  the 
first. 
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SECT.  I 

OF  NITRIC  ACID. 

Nitric  acid  seems  to  have  been  first  obtained  in  a History., 
separate  state  by  Raymond  Lully,  who  was  born  at  Ma- 
jorca in  1235.  He  procured  it  by  distilling  a mixture 
of  nitre  and  clay.  Basil  Valentine,  who  lived  in  the 
15th  century,  describes  the  process  minutely,  and  calls 
the  acid  water  of  nitre.  It  was  afterwards  denomina- 
ted aqua  fortis  and  spirit  of  nitre.  The  name  nitric  acid 
was  first  given  it  in  1787  by  the  French  chemists. 

1.  It  is  generally  obtained  in  large  manufactories  by  Prepara- 
distilling a mixture  of  nitre  and  clay ; but  the  acid  pro-  tlon‘ 
cured  by  this  process  is  w'eak  and  impure.  Chemists 
generally  prepare  it  by  distilling  three  parts  of  nitre 
and  one  of  sulphuric  acid  in  a glass  retort.  This  me- 
thod was  first  used  by  Glauber.  The  neck  of  the  re- 
tort must  be  lured  into  a receiver,  from  which  there 
passes  a glass  tube  into  a bottle  with  two  mouths,  con- 
taining a little  water,  and  furnished  with  a tube  of  safe- 
ty*. From  the  other  mouth  of  this  bottle  there  passes 


* A tube  of  safety  is  a tube  open  at  its  upper  end,  and  having  its 
lower  end  plunged  in  water.  The  water  prevents  any  communication 
betwe.cn  the  external  air  and  the  inside  of  the  apparatus.  If  a vacuum 
happens  to  be  formed  within  the  vessels,  the  external  air  reaches  down 
through  the  tube  and  prevents  any  injury  to  thd  vessels.  On  the  other 
hand,  if  air  is  generated  in  the  vessels,  it  forces  the  water  up  the  tube, 
the  height  of  which  becomes  thus  the  measure  of  the  elasticity  of  the  air 
in  the  vessels.  By  this  contrivance  the  apparatus  is  in  no  danger  of  be- 
ing broken,  which  othenyise  might  happen. 
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which  is  evolved  during  the  process.  The  apparatus 

is  represented  in  fig.  i2.  The  retort  is  to  be  heated 
gradually  almost  to  redness.  The  nitric  acid  eomes 
°ver  and  is  condensed  in  the  receiver,  while  the  com- 
mon air  of  the  vessels,  and  a quantity  of  oxygen  gas 
which  is  evolved,  especially  towards  the  end  of  the  pro- 
cess, passes  into  the  pneumatic  apparatus,  and  the  wa- 
ter in  the  bottles  is  impregnated  with  some  acid  which 
is  not  condensed  in  the  receiver. 

The  acid,  thus  obtained,  is  of  a yellow  colour,  and  al- 
most always  contains  muriatic  and  sometimes  sulphur- 
ous acid.  These  may  be  removed  by  distilling  it  over 
again  with  a moderate  heat,  and  changing  the  receiver 
after  the  first  portion,  which  contains  all  the  foreign  a- 
cids,  has  passed.  It  still  contains  a quantity  of  nitrous 
gas,  to  which  it  owes  its  colour  and  the  red  fumes 
which  it  exhales.  This  gas  may  also  be  expelled  by 
the  application  of  heat.  Pure  nitric  acid  remains  be- 
hind, transparent  and  colourless,  like  water. 

Properties.  2‘  When  newly  prepared  in  this  manner,  it  is  a li- 
quid as  transparent  and  colourless  as  water  5 but  the 
affinity  between  its  component  parts  is  so  weak,  that  the 
action  of  light  is  sufficient  to  drive  off  a part  of  its  ox- 
yg^n  in  the  form  of  gas  $ and  thus,  by  converting  it 
partly  into  nitrous  gas,  to  make  it  assume  a yellow  co- 
lour. Its  taste  is  exceedingly  acid  and  peculiar.  It  is 
very  corrosive,  and  tinges  the  skin  of  a yellow  colour, 
rvhich  does  not  disappear  till  the  epidermis  comes  off. 

It  is  constantly  emitting  white  fumes  which  have  an  a- 
crid  disagreeable  odour. 

Action  of  3'  It:  lmS  3 stronS  affinity  for  water,  and  has  never  yet 
wit  or.  been  obtained  except  mixed  with  that  liquid.  When 
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concentrated,  it  attracts  moisture  from  the  atmosphere,  ChrT- IV- 
but  not  so  powerfully  as  sulphuric  acid.  It  also  pro- 
duces heat  when  mixed  with  water,  owing  evidently  to 
the  concentration  of  the  Water. 


The  specific  gravity  of  the  strongest  nitric  acid  that 
can  he  procured  is,  according  to  Rouelle,  1.583;  but 
at  the  temperature  of  6o°,  Mr  Kirwan  could  not  pro- 
cure it  stronger  than  1.5543. 

But  as  this  liquid  acid  is  a compound  of  two  ingre-  Of  the 
dients,  namely,  pure  nitric  acid  and  water,  it  becomes  ^karid. 
an  object  of  the  greatest  consequence  to  ascertain  the 
proportion  of  each  of  these  parts.  This  problem  has 
lately  occupied  the  attention  of  Mr  Kirwan,  who  has 
endeavoured  to  solve  it  in  the  following  manner. 

He  dried  a quantity  of  crystallized  carbonat  of  soda 
in  a red  heat,  and  dissolved  it  in  water,  in  such  a pro- 
portion that  367  grains  of  the  solution  contained  50.05 
of  alkali.  He  saturated  367  grains  of  this  solution 
with  147  grains  of  nitric  acid,  the  specific  gravity  of 
which  was  1.2754,  and  which  he  ascertained  to  contain 
45.7  per  cent,  of  acid,  of  the  specific  gravity  1.5543, 
chosen  by  him  as  a standard.  The  carbonic  acid  driven 
off  amounted  to  14  grains.  On  adding  939  grains  of 
water,  the  specific  gravity  of  the  solution,  a.t  the  tem- 
perature of  58.5°,  was  1. 0401.  By  comparing  this 
with  a solution  of  nitrat  of  soda,  of  the  same  density, 
precisely  in  the  manner  described  formerly  under  sul- 
phuric acid,  he  found,  that  the  salt  contained  in  it 


amounted  to  — of  the  w'hole.  There  was  an  ex- 

10.9c  x 

cess  of  acid  of  about  two  grains.  The  weight  of  the 
whole  was  1439  grains:  The  quantity  of  salt  conse- 
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quently  was  85.142  grains.  The  quantity 

of  alkali  was  50.05 — 14  — 36.05.  The  quantity  of 
standard  acid  employed  was  66.7,  The  whole  of  which 
amounted  to  102.75  grains;  but  as  only  85.142  grains 
entered  into  the  composition  of  the  salt,  the  remaining 
17.608  must  have  been  pure  water  mixed  with  the  ni- 
tric acid.  But  if  66. 7 of  standard  acid  contain  17.608 
of  water,  100  parts  of  the  same  acid  must  contain 
36.38*. 

One  hundred  parts  of  standard  nitric  acid,  therefore, 
is  composed  of  73.62  parts  of  pure  nitric  acid  and 
26.38  of  water.  But  as  Mr  Kirwan  has  not  proved 
that  nitrat  of  soda  contains  no  water,  perhaps  the  pro- 
portion of  water  may  be  greater.  He  has  rendered  it 
probable,  however,  that  nitrat  of  soda  contains  very 
little  water. 

Mr  Kirwan’s  real  acid,  then,  is  nitric  acid,  of  that 
degree  of  strength  which  enters  into  the  composition  of 
nitrat  of  soda.  The  proportion  of  this  real  acid,  con- 
tained in  nitric  acid  of  different  specific  gravities,  has 
been  given  by  Mr  Kirwan  in  the  following  Table  : 


* Irish  Trans,  iv.  X, 
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IOO  Parts 
Sp.  Gravity 


1 5543 
1 - 5 2 9 5 

i-S,83 

1.5070 

1 -4957 

,1-4844 

1 -473  1 
T - 4 7 1 9 

1.4707 
1.4695 
1.4682 
r.4671 
1 .4640 
1.461 1 
1.4582 

*•4553 

1.4524 

1. 4471 
1.4422 

1 • 4 3 7 3 
*-4324 
1.4275 

1.4222 
1. 4171 
1.4120 
1.4069 
1 .401 8 

*•3975 
*-3925 
1 *387  5 
r-3825 

1 -3  775 

1.3721 

1.3671 
j. 36 21 

J-357  * 
I-35  21 
1.3468 

I-34l  7 


Real 

Acid. 


73  54 
69  86 
69  12 
68.39 
67.65 
66.92 
.66.18 

65-45 

64.71 

6 3 -9  8 + 
63.24 
62.51 
61.77 

6 r-°3 

60.  20 

59-5'6 

58.83 

58.09 

5 7-36 

56.62 

55 -89 
55  '5 

54  i2-|- 
53-68 

52-94 

52.21 

5 1 *47 
50  74 
50. co 
49.27 

48-53 
47  80 
47.06 

4^-33 

45-5  9 
44.86  + 
44.12 

43-38 

42.65 


! 100  Parts 
I Sp.  Gravity. 


i-3364 

* -33i5 
1.3264 

1 .3212 
1 .3160 
1.3108 

i-3°56 
1.3004 
1. 291 1 
1.2812 

1 -2795 
r-2779 
1.2687 
r.2586 
1 .2500 
1.2464 
1 2419 

1 2374 
1.2291 
1.2209 
1 .2180 
1. 2152 
1.2033 
1. 2015 
1.1963 
1 . 1 9 1 1 
1.1855 

1 • 1 7 79 
1 1 704 

1.1639 
1.1581 
1. 1524 
1. 142 1 
1. 13.9 
1.1 184 
1 . 1 24  1 
1. 1 165 
1. 1 11 1 
1.1040 


Real 

Acid. 


41.91 
41.18 
4O.44 

39  7 1 
38-97 
38-34 
37-5° 
36-77 
36-03 

35-3°  + 
34-56 
3 g82 

33-°9~ 

32-3  5 
31.62 
30.88 

30-15 

29.41 

29.68 

27-94 
27.21-)- 
26  47 

25-74  + 
2 5.00 
24.26 

23-  53 
24.79 

22.06 
21.32 
20.59 
19.85 
19. 1 2 
18.48 

17-65  + 

1 6.91 
16. 1 7 

1 5-44 
14.70 

I3-27 


6 2 


ACID  SUPPORTERS. 


Book  IT.. 
Division  I. 


Mr  Davy  considers  as  pure  acid  the  permanently 
elastic  vapour  or  gas  formed  by  saturating  nitrous  gas 
with  oxygen  gas.  This  gas  is  of  a pale  yellow  colour, 
and  a specific  gravity  2.44  times  that  of  air.  It  is  not 
pure  acid,  containing  undoubtedly  a portion  of  nitrous 
gas.  The  following  Table  exhibits  the  proportion  of 
this  acid  contained  in  nitric  acid  of  different  densities, 
according  to  the  experiments  of  that  ingenious  che- 
mist*. 


100  Parts 
Nitric  Acid, 
of  Sp.  Gr. 

True  Acid. 

Water. 

I.5040 

9 r-55 

8.45 

1-4475 

80.39 

19.61 

1.4285 

7 l'6S 

28.35 

1.3906 

62.96 

37*°4 

1 -35  5 1 

56.88 

43- 12 

1.3 1 86 

52.03 

47-97 

1. 3042 

49.04 

50.96 

1.2831 

46.03 

53-97 

1.2090 

45  — 7 

54-73 

Action  of  4.  When  nitric  acid  is  exposed  to  the  action  of  heat, 
it  boils  at  the  temperature  of  248  f,  and  evaporates  com- 
pletely without  alteration  •,  but  when  made  to  pass 
through  a red  hot  porcelain  tube,  it  is  decomposed,  and 
converted  into  oxygen  and  azotic  gas  When  cooled 
down  to  — 66,  it  begins  to  congeal ; and  when  agita- 
ted, it  is  converted  into  a mass  of  the  consistence  of 
butter  §. 

* Davy’s  Researches,  p.  41.  f Bergman,  ii.  143, 

4 Fourcroy,  ii.  82. 

§ Fourcroy  and  Vauquelin,  Ann.  de  Chlm.  xxix.  282. 
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5.  Oxygen  gas  lias  no  action  whatever  on  nitric  acid;  Chap.  IV. 
hut  all  the  simple  combustibles  decompose  it,  unless  Action  of 
vve  are  to  except  the  diamond.  When  poured  upon  smiPle  sub- 
sulphur  or  phosphorus*  at  a high  temperature,  it  sets 
them  on  fire  ; but  at  a moderate  temperature  it  con- 
verts them  slowly  into  acids,  while  nitrous  gas  is  ex- 
haled. It  inflames  charcoal  also  at  a high  temperature, 
and  even  at  the  common  temperature,  provided  the 
charcoal  be  perfectly  dry  and  minutely  divided  f.  Hy- 
drogen gas  produces  no  change  on  it  at  the  temperature 
of  the  atmosphere;  but  when  passed  along  with  it  thro’ 
a red  hot  porcelain  tube,  it  detonates  with  great  vio- 
lence ; water  is  formed,  and  azotic  gas  evolved  £. 

When  this  acid  is  poured  upon  oils,  it  sets  them  on 
fire.  This  is  occasioned  by  a decomposition  both  of  the 
acid  and  oil.  The  oxygen  of  the  acid  combines  with 
the  carbon  and  with  the  hydrogen  of  the  oils,  and  at 
the  same  time  lets  go  a quantity  of  caloric.  Hence  we 
see  that  the  oxygen  which  enters  into  the  composition 
of  the  nitric  acid  still  contains  a great  deal  of  caloric  ; 
a fact  which  is  confirmed  by  a great  number  of  other 
phenomena.  The  combustion  of  oils  by  this  acid  was 
first  taken  notice  of  by  Borrichius  and  Slare  ; but  it  is 
probable  that  Homberg  communicated  it  to  Slare.  In 
order  to  set  fire  to  the  fixed  oils,  it  must  be  mixed  with 
some  sulphuric  acid ; the  reason  of  which  seems  to  be, 
that  these  oils  contain  watdr,  which  must  be  previously 


* According  to  Brugnatclli,  when  a bit  of  phosphorus  is  wrapt  up  in 
paper,  dipt  in  nitric  acid,  and  struck  smartly  with  a hammer  upon  an 
anvil,  a detonation  takes  place.  Jour,  de  Cbim.  iv.  1x3. With  me,  how- 

ever, the  experiment  did  not  succeed. 

t Proust.  J I our  crop,  ii.  8>. 
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removed.  The  sulphuric  acid  combines  with  this  wa- 
ter, and  allows  the  nitric  acid,  or  rather  the  oil  and  ni- 
tric acid  together,  to  act.  The  drying  oils  do  not  re- 
quire any  sulphuric  acid : they  have  been  boiled,  and 
consequently  deprived  of  all  moisture. 

5.  Atote  has  no  action  on  nitric  acid  ; but  muriatic 
acid  decomposes  it  by  combining  with  a portion  of  its 
oxygen,  nitrous  gas  and  oxymuriatic  gas  being  evol- 
ved. 

6.  It  is  capable  of  oxidizing  all  the  metals  except 
gold,  platinum*,  and  titanium.  It  appears,  from  the 
experiments  of  Scheffer,  Bergman,  Sage,  and  Tillet, 
that  nitric  acid  is  capable  of  dissolving  (and  conse- 
quently of  oxidizing)  a very  minute  quantity  even  of 
gold. 

It  even  sets  fire  to  zinc,  bismuth,  and  tin,  if  it  be 
poured  on  .them  in  fusion,  and  to  filings  of  iron  if  they 
be  perfectly  dryf. 

7.  Nitric  acid  combines  with  alkalies,  earths,  and  the 
oxides  of  metals,  and  forms  compounds  which  are  call- 
ed nitrats. 

8.  The  order  of  its  affinities  is  as  follows  : 

Barytes, 

Potass, 

Soda, 

Strontian, 

Lime, 

Magnesia, 


* Nitre,  however,  acts  upon  platinum,  as  Mr  Tennant  has  proved. 
Phil.  Trans.  1797. — Morvcau  had  made  the  same  observation  in  the  Ele- 
mens  de  Ciimie  tie  /’  Academic  de  Dijon. 

f Proust,  Dijon  Academicians,  and  Cornette. 
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Ammonia, 

Glucina, 

Alumina, 

Zirconia. 

9.  Nitric  acid  is  one  of  the  most  important  instru-  Compbsl- 
ments  of  analysis  which  the  chemist  possesses;  nor  is  it 
of  inferior  consequence  when  considered  in  a political 
or  commercial  view,  as  it  forms  one  of  the  most  essen- 
tial ingredients  of  gunpowder.  Its  nature  and  composi- 
tion accordingly  have  long  occupied  the  attention  of 
philosophers.  Let  us  endeavour  to  trace  the  various 
steps  by  which  its  component  parts  weVe  discovered. 

As  nitre  is  often  produced  upon  the  surface  of  the 
earth,  and  never  except  in  places  which  have  a commu- 
nication with  atmospheric  air,  it  was  natural  to  suppose 
that  air,  or  some  part  of  the  air,  entered  into  the  com- 
position of  nitric  acid.  Mayow  having  observed,  that 
nitre  and  atmospherical  air  were  both  possessed  of  the 
property  of  giving  a red  colour  to  the  blood,  and  that 
air  was  deprived  of  this  property  by  combustion  and 
respiration — concluded,  that  nitre  contained  that  part  of 
the  air  which  supported  combustion , and  was  necessary 
for  respiration. 

Dr  Hales,  by  applying  heat  to  nitric  acid,  and  what 
he  called  Walton  mineral , obtained  a quantity  of  air 
possessed  of  singular  properties.  When  atmospherical 
air  was  let  into  the  jar  which  contained  it,  a reddish 
turbid  fume  appeared,  a quantity  of  air  was  absorbed, 
and  the  remainder  became  transparent  again  *.  Dr 
Priestley  discovered,  that  this  air  could  only  be  obtain- 
ed from  nitric  acid ; and  therefore  called  it  nitrous  air . 


Vol.  II. 


♦ Vegct.  Statics,  ii.  *84. 
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He  found,  that  when  this  gas  was  mixed  with  oxygen 
gas,  nitric  acid  was  reproduced.  Here,  then,  we  find 
that  oxygen  is  a part  of  the  nitric  acid,  and  consequent- 
ly that  Mayow’s  affirmation  is  verified. 

Dr  Priestley,  however,  explained  this  fact  in  a diffe- 
rent manner.  According  to  him,  nitrous  gas  is  compo- 
sed of  nitric  acid  and  phlogiston.  When  oxygen  is  add- 
ed, it  separates  this  phlogiston,  and  the  acid  of  course 
is  precipitated  This  hypothesis  was  adopted  by  Mac- 
quer  and  Fontana  ; and  these  three  philosophers  endea- 
voured to  support  it  with  their  usual  ingenuity.  But 
there  was  one  difficulty  which  they  were  unable  to  sur- 
mount. When  the  two  gases  are  mixed  in  proper  pro- 
portions, almost  the  whole  assumes  the  form  of  nitric 
acid  ; and  the  small  residuum  (T'Tth  part),  in  all  probabi- 
lity, or  rather  certainly,  depends  on  some  accidental  im- 
purity in  the  two  gases.  What  then  becomes  of  the 
oxygen  and  phlogiston  ? Dr  Priestley  supposed  that  they 
formed  carbonic  acid  gas ; but  Mr  Cavendish  proved, 
that  when  proper  precautions  are  taken,  no  such  acid 
appears  *. 

Dr  Priestley  had  procured  his  nitrous  gas  by  dissol- 
ving metals  in  nitric  acid  ; during  the  solution  of  which 
a great  deal  of  nitrous  gas  escapes.  He  supposed  that 
nitrous  gas  contained  phlogiston,  because  the  metal  was 
oxidized  (and  consequently,  according  to  the  then  re- 
ceived theory,  must  have  lost  phlogiston)  during  its  for- 
mation. Mr  Lavoisier  proved,  that  this  supposition  was 
ill-founded,  by  the  following  celebrated  experiment  f. 
To  945  grains  of  nitric  acid  (specific  gravity  1.316)  he 
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added  1104  grains  of  mercury.  During  the  solution  Chap. 
273.234  cubic  inches  of  nitrous  gas  were  produced. 

He  then  distilled  the  salt  (oxide  of  mercury)  which  had 
been  formed  to  dryness.  As  soon  as  it  became  red  hot 
it  emitted  oxygen  gas,  and  continued  to  do  so  till  almost 
the  whole  of  the  mercury  was  revived  : The  quantity  of 
oxygen  emitted  was  287.742  cubic  inches.  All  that 
had  happened,  therefore,  during  the  solution  of  the  mer- 
cury, was  the  separation  of  the  acid  into  two  parts  ; ni- 
trous gas  which  flew  off,  and  oxygen  which  united  with 
the  metal. 

Mr  Lavoisier  concluded,  therefore,  that  the  whole  of 
the  nitrous  gas  was  derived  from  the  nitric  acid  ; that 
nitric  acid  is  composed  of  oxygen  and  nitrous  gas  ; and 
that  the  proportions  are  nearly  64  parts  by  weight  of 
nitrous  gas,  and  36  of  oxygen  gas. 

But  there  was  one  difficulty  which  Mr  Lavoisier  ac- 
knowledged he  could  not  remove.  The  quantity  of 
oxygen  obtained  by  decomposing  nitric  acid  was  often 
much  greater  than  what  was  necessary  to  saturate  the 
nitrous  gas.  Mr  De  Morveau  attempted  to  account  for 
this  ; but  without  success  *.  Nitrous  gas  itself  was  evi- 
dently a compound:  but  the  difficulty  was  to  discover 
the  ingredients.  Mr  Lavoisier  concluded,  from  an  ex- 
periment made  by  decomposing  nitre  by  means  of  char- 
coal, that  it  contained  azote ; and  several  of  Dr  Priest- 
ley’s experiments  led  to  the  same  result.  But  what  was 
the  other  ingredient  ? 

Mr  Cavendish  had  observed,  while  he  was  making 
experiments  on  the  composition  of  water,  that  some  ni- 
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Book  II.  trie  acid  was  formed  during  the  combustion  of  oxygen 

u— v and  hydrogen  gas,  and  that  its  quantity  was  increased  by 

adding  a little  azote  to  the  two  gases  before  the  explo- 
sion. Hence  he  concluded,  that  the  formation  of  the 
acid  was  owing  to  the  accidental  presence  of  azotic  gas. 
To  verify  this  conjecture,  he  passed  electrical  sparks 
through  a quantity  of  common  air  inclosed  in  a glass 
tube : the  air  was  diminished,  and  some  nitric  acid 
formed.  He  repeated  the  experiment,  by  mixing  toge- 
ther oxygen  and  azotic  gas  ; and  found,  that  when  they 
bore  a certain  proportion  to  each  other  they  were  total- 
ly convertible  into  nitric  acid  In  one  experiment  the 
proportion  of  azote  to  oxygen  'in  bulk)  was  as  416  to 
pi  4;  in  another,  as  1920  to  4860  *. 

These  experiments  were  immediately  repeated  by 
Messrs  Van  Marum  and  Van  Troostwyk,  and  with  near- 
ly the  same  result. 

The  most  convenient  method  of  performing  them  is 
the  following  : Take  a glass  tube,  the  diameter  of  which 
is  about  the  sixth  part  of  an  inch  ; through  the  cork 
that  shuts  one  end  of  which  let  a small  metallic  con- 
ductor pass  with  a ball  at  each  end.  Fill  this  tube  with 
mercury,  and  plunge  its  open  end  into  a bason  of  mer- 
cury : then  put  into  it  a mixture  of  0.1^  of  azotic  and 
0.87  of  oxygen  gas,  till  it  occupies  three  inches  of  the 
tube  ; and  introduce  a solution  of  potass  till  it  fill  half 
an  inch  more.  Then,  by  means  of  the  conductor,  make 
electrical  explosions  from  a very  powerful  machine)  to 
pass  through  the  tube  till  the  air  is  as  much  diminished 
as  possible.  Fart  of  the  potass  will  be  found  convert* 
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ed  into  n'tre.  Mr  Cavendish  actually  saturated  the 
potass  with  this  acid.  Mr  Van  Marum  did  not,  though 
a good  deal  more  gas  had  disappeared  than  in  the  expe- 
riments of  Mr  Cavendish.  This  difference  evidently 
depends  on  the  quantity  of  potass  contained  in  a given 
weight  of  the  solution.  The  solution  which  Mr  Van 
Marum  used  was  no  doubt  stronger  than  that  which  Mr 
Cavendish  employed. 

Dr  Priestley  had  observed  several  years  before  these 
experiments  were  made,  that  atmospherical  air  was  di- 
minished by  the  electric  spark,  and  that  during  the  di- 
minution the  infusion  of  turnsole  became  red  ; but  he 
concluded  merely  that  he  had  precipitated  the  acid  of 
the  air.  Landriani,  who  thought,  on  the  contrary,  that 
carbonic  acid  gas  was  formed  enounced  the  alteration 
of  lime-water  by  it  as  a proof  of  his  opinion.  It  was  to 
refute  this  notion  that  Mr  Cavendish  undertook  his  ex- 
periments. Pie  has  since  that  time  repeated  them  with 
the  same  success  4. 

It  cannot  be  doubted,  then,  that  nitric  acid  is  compo- 
sed of  azote  and  oxygen  ; consequently  nitrous  gas  is  al- 
so composed  of  the  same  ingredients.  And  as  nitrous 
gas  absorbs  oxygen,  even  from  common  air,  and  forms 
with  it  nitric  acid,  it  is  evident  that  nitric- acid  contains 
more  oxygen  than  nitrous  gas.  But  it  is  exceedingly 
difficult  to  ascertain  the  exact  proportions  of  the  compo- 
nent parts  of  this  acid.  Lavoisier  concluded,  from  his 
experiments  on  the  decomposition  of  nitre  by  charcoal, 
that  nitric  acid  is  composed  of  one  part  of  azote  and 
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four  parts  of  oxygen  *.  But  Davy  has  shown,  that  this 
decomposition  is  more  complicated  than  had  been  sup- 
posed ; and  that  Lavoisier’s  experiments  by  no  means 
warrant  the  conclusion  which  he  drew  from  them  f. 
Cavendish,  on  the  other  hand,  concluded,  from  his  ex- 
periments, that  the  acid  which  he  formed,  by  combining 
together  azote  and  oxygen  by  means  of  electricity,  is 
composed  of  one  part  of  azote  and  2.346  of  oxygen^. 
With  this  result  the  late  experiments  of  Mr  Davy  cor- 
respond very  nearly.  He  formed  his  standard  acid  by 
combining  together  known  quantities  of  nitrous  gas  and 
oxygen.  According  to  him,  100  parts  of  pure  nitric 
acid  are  composed  of  29.5  azote 

70.5  oxygen 

100.0  § 

or  1 part  of  azote  and  2.39  of  oxygen. 

This,  in  all  probability,  does  not  differ  much  from 
the  truth.  If  there  be  an  error,  the  proportion  of  oxy- 
gen is  under- rated  ; for  Mr  Davy’s  standard  acid  cer- 
tainly contained  nitrous  gas  combined  with  it,  the  pro- 
portion of  which  it  was  impossible  to  ascertain  exactly. 

Nitric  acid  is  seldom  in  a state  of  absolute  purity, 
holding  usually  a certain  portion  of  nitrous  gas  in  solu- 
tion. In  this  state  it  is  distinguished  by  the  name  of 
nitrous  acid ; a compound  of  such  importance  that  I 
shall  consider  it  in  a separate  Section. 


* Mem.  de  Sav.  F.trang.  xi.  Jj6. 
r PM.  Trans,  lxxiii. 


f Davy’s  Researches,  p.  44. 
§ Davy’s  Researches,  p.  1 1* 


NITROUS. 


7* 

Char.  TV. 


SECT.  II. 

OF  NITROUS  ACID. 

I 

X^he  liquid  at  present  called  nitrous  acid  by  chemists 
may  be  formed  by  causing  nitrous  gas  to  pass  through 
nitric  acid.  The  gas  is  absorbed,  and  the  acid  assumes 
a yellow  colour,  and  its  specific  gravity  is  diminished. 
It  is  then  denominated  nitrous  acid.  It  is  always  in 
this  state  that  it  is  obtained  by  distilling  a mixture  of 
sulphuric  acid  and  nitre.  The  acid  of  commerce  is  al- 
ways nitrous  acid.  The  nitric  and  nitrous  acids  were 
first  distinguished  with  accuracy  by  Scheele.  The  lat- 
ter was  for  some  time  known  to  chemists  by  ^he  name 
of  phlogisticated  nitrous  acid , because  it  was  considered 
as  a compound  of  nitric  acid  and  phlogiston. 

The  nature  of  nitrous  acid  was  first  investigated  by 
Dr  Priestley,  who  demonstrated,  by  very  decisive  ex- 
periments, that  it  is  a compound  of  nitric  acid  and  ni- 
trous gas.  This  opinion  was  embraced,  or  rather  it 
w'as  first  fully  developed,  by  Morveau*.  But  the  the- 
ory of  Lavoisier,  which  supposed  the  difference  between 
nitric  and  nitrous  acids  to  depend  merely  on  the  first 
containing  a greater  proportion  of  oxygen  than  the  se- 
cond, for  some  time  drew  the  attention  of  chemists 
from  the  real  nature  of  nitrous  acid.  Raymond  pub- 
licised a dissertation  in  1796,  to  demonstrate  the  truth 
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Book  IT.  of  the  theory  of  Priestley  and  Morveau  ; and  the  same 

Division  I.  ' _ 1 

C. — v thing  has  been  done  still  more  lately  by  Messrs  Thom- 

son and  Davy*.  At  present  it  is  allowed  by  every  one, 
that  nitrous  acid  is  merely  nitric  acid  more  or  less  im- 
pregnated with  nitrous  gas. 

This  being  the  case,  and  nitric  acid  being  capable  of 
absorbing  very  different  proportions  of  nitrous  gas,  it 
is  evident  that  there  must  be  a great  variety  of  nitrous 
acids,  differing  from  each  other  in  the  proportion  of 
nitrous  gas  which  they  contain  ; unless  we  choose  to 
Confine  the  term  tiitrous  acid  to  the  compound  form- 
ed by  saturating  nitric  acid  completely  with  nitrous 
gas. 

When  nitrous  gas  is  placed-- in  contact  with  nitric 
acid,  the  acid  absorbs  it  slowly,  and  acquires  first  a 
pale  yellow  colour,  then  a bright  yellow : When  a con- 
siderable portion  more  of  nitrous  gas  is  absorbed,  the 
acid  becomes  dark  orange,  then  olive,  which  increases 
in  intensity  with  the  gas  absorbed  ; then  it  becomes  of 
a bright  green  j and,  lastly,  when  fully  saturated,  it  be- 
comes blue  green.  Its  volume  and  its  volatility  also  in- 
crease with  the  quantity  of  gas  absorbed  ; and  when 
fully  saturated,  it  assumes  the  form  of  a dense  vapour, 
of  an  exceedingly  suffocating  odour,  and  difficultly  con- 
densible by  water.  In  this  state  of  saturation  it  is  dis- 
tinguished by  Dr  Priestley  by  the  name  of  nitrous  acid 
vapour.  It  is  of  a dark  red  colour,  and  passes  through 
water  partly  without  being  absorbed.  The  quantity  of 
nitrous  gas  absorbed  by  nitric  acid  is  very  great.  Dr 
Priestley  found,  that  a quantity  of  acid,  equal  in  bulk  to 
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four  pennyweights  of  water,  absorbed  130  ounce  mea- 
sures of  gas  without  being  saturated*.  The  component 
parts  of  nitrous  acid,  of  different  colours  and  densities, 
may  be  seen  in  the  following  Table,  drawn  up  by  Mr 
Davy,  from  experiments  made  by  him  on  purpose,  with 
much  precision-)-. 


100  Parts 

Sp.  Grav. 

Component  Parts. 

Nitric  Acid 

Water 

Nitrous  Gas 

Solid  nitric  acid 

1.504 

9I,55 

8.45 

Yellow  nitrous 

I.503 

9°-5 

8-3 

2 

Bright  yellow  . 

I.500 

88.94 

8.10 

2.96 

Dark  orange  . . 

I.480 

86.84 

7.6 

5-S6 

Light  olive  . . . 

1.479 

86.00 

7-55 

6.45 

Dark  olive  . . . 

1.478 

85.4 

7-5 

7-i 

Bright  green  . . 

I.476 

84  8 

7-44 

7.76 

Blue  green  . . . 

1 -475 

84.6 

7-4 

8.00 

1 he  colour  of  nitrous  acid  depends,  in  some  measure, 
also  on  the  proportion  of  water  which  it  contains. 
When  to  yellow  nitrous  acid  concentrated,  a fourth 
part  by  weight  of  water  is  added,  the  colour  is  chan- 
ged to  a line  green  ; and  when  equal  parts  of  wa- 
ter are  added,  it  becomes  blue  J.  Dr  Priestley  obser- 
ved, that  water  impregnated  with  this  acid  in  the',state 
of  vapour  became  first  blue,  then  green,  and  lastly  yel- 
low. A green  nitrous  acid  became  orange-coloured 
while  hot,  and  retained  a yellow  tinge  when  cold.  A 
blue  acid  became  yellow  on  being  heated  in  a tube  her- 
metically sealed.  An  orange-coloured  acid,  by  long 
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Book  ir.  keeping,  became  green,  and  afterwards  of  a deep  blue  ? 

Division  I.  , . . . . 

u— v—  and.  when  exposed  to  air,  resumed  its  original  colour. 

When  nitrous  acid  is  exposed  to  heat,  the  nitrous  gas 
is  expelled,  and  nitric  acid  remains  behind.  The  gas, 
however,  carries  along  with  it  a quantity  of  acid,  espe- 
cially if  the  acid  be  concentrated.  But  nitrous  acid 
vapour  is  not  altered  in  the  least  by  exposure  to  heat*. 

Properties.  It  is  not  altered  by  oxygen  gas,  common  air,  nor  by 
azotiG  gas. 

The  simple  combustibles  and  metals  act  upon  it  pre- 
cisely as  on  nitric  acid.  It  answers  much  better  than 
nitric  acid  for  inflaming  oils  and  other  similar  bodies. 

It  converts  sulphurous  and  phosphorous  acids  into 
sulphuric  and  phosphoric. 

Nitrous  acid  vapour  is  absorbed  by  sulphuric  acid, 
but  seemingly  without  producing  any  change ; for  when 
water  is  poured  into  the  mixture,  the  heat  produced 
expels  it  in  the  usual  form  of  red  fumesf.  The  only- 
singular  circumstance  attending  this  impregnation  is, 
that  it  disposes  the  sulphuric  acid  to  crystallize^;.  Thi9 
fact,  first  observed  by  Dr  Priestley  in  1 7 7 7 §>  was  af- 

l ' 

terwards  confirmed  by  Mr  Cornette. 


* Fourcroy,  ii.  95.  t Priestley,  iii.  144.  f Ibid.  p.  156. 

§ Bernhardt,  however,  relates,  in  1765,  that  once,  when  he  was  distil- 
ling  a mixture  of  ten  pounds  of  nitre  with  an  equal  quantity  of  calcined 
vitriol,  which  he  had  put  into  a retort,  to  which  was  fitted  an  adopter 
between  the  retort  and  the  receiver,  which  contained  a quantity  of  wa- 
ter— he  observed  a considerable  quantity  of  a white  crystalline  salt  form- 
ed in  the  adopter,  while  the  liquid  acid  passed  as  usual  into  the  receiver. 
This  salt  was  very  volatile,  smoked  strongly  when  it  was  exposed  to  the 
gir,  and  exhaled  a red  vapour ; it  burnt,  to  a black  coal,  wood,  feathers, 
or  linen,  as  sulphuric  acid  does  ; and  where  a piece  of  it  fell,  it  evapora- 
ted in  form  of  a blood-red  vapour,  till  the  whole  of  it  disappeared.  Half 
an  ounce  of  these  crystals  dissolved  in  water  with  spurting  and  hissing. 
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It  is  absorbed  also  rapidly  by  nitric  acid,  which  as- 
sumes the  different  colours  which  distinguish  nitrous 
acid,  according  to  the  proportion  which  it  imbibes. 

Nitrous  acid  combines  with  alkalies,  earths,  and  pro- 
bably also  with  metallic  oxides,  and  forms  salts  known 
by  the  name  of  nitrites  ' ; but  as  these  combinations  can- 
not be  made  directly,  the  affinities  of  this  acid  are  un- 
known. 

It  is  this  acid,  or  this  compound  of  nitric  acid  and 
nitrous  gas,  which  is  usually  employed  by  chemists  in 
their  experiments ; and  for  the  greater  number  of  pur- 
poses it  answers  even  better  than  nitric  acid. 
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As  the  composition  of  this  acid  is  still  unknown,  and 
as  it  has  the  property  of  combining  with  oxygen,  it  be- 
longs, in  the  present  state  of  chemistry,  to  the  class  of 
simple  incombustibles.  I have  accordingly  described 
its  distinguishing  properties  in  the  first  Division  of  the 
first  Book.  But  in  compliance  with  the  usual  custom 
of  chemists,  1 have  reserved  for  this  place  an  account 
of  liquid  muriatic  add.,  or  muriatic  acid  combined  with 
water,  in  which  state  it  is  usually  employed. 


like  that  of  a red  hot  iron  dipped  in  water,  and  formed  a green  nitrous 
acid.  Some  of  this  salt  being  put  into  a bottle,  which  was  not  well  stop- 
ped, entirely  vanished.  These  crystals  were  evidently  the  same  with  Dt« 
Priestley’s.  See  Keir’s  Dictionary. 
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Muriatic  acid  appears  to  have  been  known  to  Basil 
Valentine  ; but  Glauoer  was  the  first  who  extracted  it 
from  common  salt  by  means  of  sulphuric  acid.  It  was 
first  called  spirit  of  salt , afterwards  marine  acid , and 
now,  pretty  generally,  muriatic  acid*.  It  is  prepared 
for  commercial  purposes,  by  mixing  together  one  part 
of  common  salt  and  seven  or  eight  parts  of  clay,  and 
distilling  the  mixture ; or  by  distilling  the  usual  pro- 
portion of  common  salt  and  sulphuric  acid,  and  re- 
ceiving the  product  in  a receiver  containing  water.  By 
these  processes  it  is  obtained  combined  with  water  and 
forming  a liquid  ; the  only  state  in  which  it  was  known 
till  Dr  Priestley  discovered  the  method  of  obtaining  it 
perfectly  pure  in  a gaseous  form. 

1.  Liquid  muriatic  acid  may  be  procured  in  a state 
of  purity  by  the  following  process  : A hundred  parts  of 
dry  common  salt  are  put  into  a glass  matrass,  to  which 
there  is  adapted  a bent  glass  tube  that  passes  into  a 
small  Wolf’s  bottle.  From  this  bottle  there  passes  alsa 
a glass  tube  into  another  larger  bottle,  containing  a 
quantity  of  water  equal  in  weight  to  the  common  salt 
employed.  When  the  apparatus  is  properly  secured  by 
iu'.ing,  75  parts  of  sulphuric  acid  are  poured  into  the 
common  salt  through  a mouth  of  the  matrass,  furnished 
with  a proper  stopper.  Heat  is  then  applied.  The 
sulphuric  acid  displaces  the  muriatic  acid,  which  passes 
over  and  is  condensed  in  the  water  of  the  large  bottle, 
while  any  sulphuric  acid  that  maybe  driven  over  by  the 
heat  is  condensed  in  the  smaller  bottle,  and  thus  does 
not  injure  the  purity  of  the  muriatic  acid. 

Ten  grains  of  water  are  capable  of  absorbing  ten 
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grams  of  the  gas.  The  solution  thus  obtained  occupies  Chap. TV. 
the  space  of  13.3  grains  of  water  nearly.  Hence  its 
specific  gravity  is  1.500,  and  the  density  of  the  pure 
muriatic  acid  in  it  is  3.03*.  During  the  absorption  of 
the  gas,  the  water  becomes  hot",  and  its  bulk  is  increa- 
sed Ice  also  absorbs  this  gas,  and  is  at  the  same  time 
liquefied.  The  quantity  of  this  gas  absorbed  by  water 
diminishes  as  the  heat  of  the  water  increases,  and  at  a 
boiling  heat  water  will  not  absorb  any  of  it.  When 
water  impregnated  with  it  is  heated,  the  gas  is  again 
expelled  unaltered.  Hence  muriatic  acid  gas  may  be 
procured  by  heating  the  common  muriatic  acid  of  com- 
merce. It  was  by  this  process  that  Dr  Priestley  first 
obtained  it. 

2.  The  acid  thus  obtained  is  colourless  : it  has  a strong  properties 
pungent  smell  similar  to  the  gas,  and  when  exposed  to 
the  air  is  constantly  emitting  visible  white  fumes.  The 
muriatic  acid  of  commerce  is  always  of  a pale  yellow 
colour,  owing  to  a small  quantity  of  oxymuriatic  acid, 
with  which  it  is  impregnated  f . 


* For  let  D ~ the  density  of  a mixture  ; m the  weight  of  the  denser 
ingredient ; d its  density  l the  weight  of  an  equal  bulk  of  water ; and 

m\  </',and  /'  the  same  elements  of  the  rarer : Then  D — ~j~-y . In  the 


above  case,  a + n'r  10,  and  / -f- /'  = 13.3.  Then  D — • 


20 

13T 


= 1-5- 


Now  to  find  the  specific  gravity  of  the  condensed  muriatic  acid  gas,  we 


have  front  the  above  equation  V zz  m U}  — — 


T=3T  = 3-°S' 


i.j 

-Sec  Irish  ‘ Transactions , vol.  iv. 


3.3  ; and  d 


This  calculation,  however,  is  formed  upon  the  supposition  that  the 
Water  suffers  no  condensation  at  all — a supposition  certainly  contradicted  « 
by  every  analogy,  and  which,  as  Mr  Keir  has  shewn,  the  experiment# 
mentioned  in  tVTr  Kirwan’s  first  paper  are  insufficient  to  prove, 
t general  it  contains  also  a little  iron. 
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3.  As  muriatic  acid  can  only  be  used  conveniently 
when  dissolved  in  water,  it  is  of  much  consequence  to 
know  how  much  pure  acid  is  contained  in  a given  quan- 
tity of  liquid  muriatic  acid  of  any  particular  density. 

Now  the  specific  gravity  of  the  strongest  muriatic 
acid  that  can  easily  be  procured  and  preserved  is  1.196: 
it  would  be  needless,  therefore,  to  examine  the  purity 
of  any  muriatic  acid  of  superior  density.  Mr  Kirwan 
calculated  that  muriatic  acid,  of  the  density  of  1.196, 
contains  parts  of  arid  of  the  density  of  1.500,  which 
he  took  for  the  standard,  or  0.2528  of  pure  acid  : then, 
by  means  of  experiments,  he  formed  the  following 
Table  : 


100  Parts 
Sp.  Gravity. 

Real 

Acid. 

100  Parts 
Sp.  Gravity. 

Real 

Acid. 

I 196 

2J.28 

I.I282 

16.5  1 

I.191 

24.76 

1. 1 244 

. 5.99 

I.187 

24.25 

I.I2o6 

15.48 

1 • 1 ^3 

23-73 

1. 1 r68 

14.96 

1.179 

23.22 

1.1 120 

14.44 

I*I75 

22.70 

1.1 0-8 

*3  93 

1. 171 

22.18 

1.1036 

13  4' 

1.167 

21.67 

1.0984 

12.90 

1**63 

21.15 

1.0942 

12  38 

1,159 

20.64 

1.09 10 

1 1.86 

1. 155 

20.12 

1.0868 

11 -35 

1-151 

19.60 

1.0826 

10.83 

i-M7 

1909 

1.0784 

10.32 

-1. 1414 

1 8.57 

1.0742 

9.80 

i.i396 

18.06 

1.0630 

8.25 

1.1358 

*7-54 

1-0345 

5.16 

1.1320 

17  02 

1 .0 169 

2.58 

4.  This  acid  does  not  act  upon  the  simple  combusti- 
bles nor  incombustibles. 
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5.  It  readily  oxydizes  and  dissolves  iron  and  zinc. 
Copper  is  slowly  dissolved  by  it  in  open  vessels  ; but  in 
close  vessels  its  action  is  limited  by  the  quantity  of  com- 
mon air  present.  By  the  assistance  of  heat  it  dissolves 
copper,  tin,  bismuth,  cobalt,  nickel,  manganese,  anti- 
mony, and  arsenic.  At  a boiling  point  it  acts  upon 
lead,  and  even  on  silver,  though  but  feebly.  It  has  no 
action  on  gold,  platinum,  mercury,  tungsten,  molybde- 
num, tellurium,  and  titanium.  It  dissolves  metallic 
oxides  more  readily  and  completely  than  any  other 
acid. 

6.  It  combines  with  the  alkalies,  earths,  and  with 
most  of  the  metallic  oxides,  and  forms  salts,  known  by 
the  name  of  muriats. 

7.  The  affinities  of  muriatic  acid  are  as  follows  : 

Barytes, 

Potass, 

Soda, 

Strontian, 

Lime, 

Ammonia, 

* Magnesia, 

Glucina, 

Alumina, 

Zirconia, 

Metallic  oxides, 

8.  When  electric  explosions  are  made  to'  pass  through 
muriatic  acid  gas,  its  bulk  is  diminished,  and  hydrogen 
gas  is  evolved.  At  the  same  time,  if  the  experiment 
be  made  over  mercury,  a quantity  of  muriat  of  mercu- 
ry is  formed.  These  changes  continue  to  take  place 
for  a limited  time  only,  after  which  electricity  ceases  to 
produce  any  farther  change.  They  are  always  propor- 
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tional  to  the  moisture  of  the  gas,  and  have  been  shewn, 
by  Mr  Henry  to  be  owing  to  the  decomposition  of  the 
water  held  in  solution  by  the  gas.  The  oxygen  of  that 
water  combines  with  part  of  the  acid,  and  forms  oxy- 
muriatic  acid,  while  its  hydrogen  is  set  at  liberty.  Mr 
Henry  has  shown  that  ioo  cubic  inches  of  muriatic  acid 
gas,  after  being  made  as  dry  as  possible  by  standing  over 
quicklime  or  other  bodies  which  absorb  moisture,  still 
contain  1.4  grains  of  water  in  solution.  But  this  water 
may  be  completely  decomposed  and  removed  by  means 
of  electricity.  Here  then  is  a method  of  depriving  this 
gas,  altogether  of  water  *.  When  muriatic  acid  gas  and 
carbureted  hydrogen  gas  are  mixed,  electricity  decom- 
poses the  water,  and  carbonic  acid  and  hydrogen  gas  are 
evolved.  After  the  water  is  completely  decomposed 
electricity  produces  no  farther  effect  f. 

9.  Morveau  first  shewed,  that  muriatic  acid,  in  the 
state  of  gas,  neutralizes  putrid  miasmata,  and  by  that 
means  destroys  their  bad  effects.  In  1773,  the  cathe- 
dral of  Dijon  was  so  infected  by  putrid  exhalations,  that 
it  was  deserted  altogether  after  several  unsuccessful  at- 
tempts to  purify  it.  Application  was  mSde  to  Mr  Mor- 
veau, at  that  time  professor  of  chemistry  at  Dijon,  to 
see  whether  he  knew  any  method  of  destroying  these 
exhalations.  Having  poured  two  pounds  of  sulphuric 
acid  on  six  pounds  of  common  salt,  contained  in  a glass 
capsule,  which  had  been  placed  on  a few  live  coals  in 
the  middle  of  the  church,  he  withdrew  precipitately, 
and  shut  all  the  doors.  The  muriatic  acid  gas  soon 
filled  the  whole1  cathedral,  and  could  even  be  perceived 


• Nicholson’s  Journal,  iv.  209. 


| Henry,  Ibid. 
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at  the  door.  After  twelve  hours,  the  doors  were  thrown 
open,  and  a current  of  air  made  to  pass  through  to  re- 
move the  gas.  This  destroyed  completely  every  putrid 
odour  *.  * • 

9.  By  particular  treatment  muriatic  acid  may  be 
made  to  combine  with  oxygen.  The  resulting  com- 
pounds are  the  two  acid  supporters,  called  oxymuriatic, 
and  hyperoxymuriatic  acids.  These  we  shall  examine 
in  the  following  Sections. 


SECT.  IV. 

OXYMURIATIC  ACID. 

This  acid  was  discovered  by  Scheele  in  1774,  during  History, 
his  experiments  ori  manganese.  He  gave  it  the  name  of 
dephlogisticated  muriatic  aCid,S rom  the  supposition  that 
it  is  muriatic  acid  deprived  of  phlogiston.  The  French 
chemists,  after  its  composition  had  been  ascertained, 
called  it  oxygenated  muriatic  acid ; which  unwieldy  ap- 
pellation Kirwan  has  happily  contracted  into  oxymu- 
riatic. 

The  properties  of  this  acid  pointed  out  by  Scheele 
were  so  peculiar,  that  it  immediately  attracted  attention, 
and  the  most  distinguished  chemists  hastened  with  emu- 
lation to  enter  upon  a field  which  promised  so  rich  a 
harvest  of  discoveries.  Bergman,  Pelletier,  Berthollet, 
Hersmtadt,  Morveau,  Fourcroy,  Scopoli,  Westrum,  &c. 


Vol.  ir. 


* Jour.  Je  Piyj.  i.  436. 
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successfully  examined  its  properties,  and  ascertained  It* 
action  on  other  bodies.  And  more  lately  Mr  Chenevix 
has  published  a most  interesting  dissertation  on  this 
• acid  and  its  combinations  *. 

1.  It  may  be  procured  by  the  following  process  : Put 
into  a tubulated  retort  a mixture  of  three  parts  of  com- 
mon salt,  and  one  part  of  the  black  oxide  of  manganese 
in  powder.  Place  the  retort  in  the  sand  bath  of  a furnace, 
plunge  its  beak  into  a small  water  trough,  and  lute  a bent 
funnel  into  its  mouth.  When  the  mixture  has  acquired 
a moderate  heat,  pour  into  it  at  intervals  through  the 
bent  funnel  two  parts  of  sulphuric  acid,  which  ought  tobe 
somewhat  diluted  with  water.  An  effervescence  ensues,  a 
yellow  coloured  gas  Issues  from  the  retort,  which  may 
be  received  in  large  phials  fitted  with  ground  stoppers. 

2.  Oxymuriatic  acid  gas  is  of  a yellowish  green  co- 
lour. Its  odour  is  intolerably  acrid  and  suffocating.  It 
cannot  be  breathed  without  proving  fatal.  The  death 
of  the  ingenious  and  industrious  Pelletier,  whose  che- 
mical labours  have  been  so  useful  to  the  world,  was  oc- 
casioned by  his  attempting  to  respire  it.  A consump- 
tion was  the  consequence  of  this  attempt,  which,  in  a 
short  time,  proved  fatal.  When  atmospheric  air  con- 
taining a mixture  of  it  is  breathed,  it  occasions  a violent 
and  almost  convulsive  cough,  attended  with  much  pain 
in  the  chest.  This  cough  usually  continues  to  return 
at  intervals  for  a day  or  two,  and  is  accompanied  with 
a copious  expectoration. 

3.  It  is  capable  of  supporting  combustion  ; in  many 
cases  even  more  capable  than  common  air.  When  a 


* Phil.  Tram.  1802. 
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burning  taper  is  plunged  into  it,  the  flame  is  diminish-  Chap.  IV. 
ed,  and  acquires  a very  red  colour;  a great  quantity  of 
smoke  is  emitted,  and  at  the  same  time  the  taper  con- 
sumes much  more  rapidly  than  in  common  air  *.  The 
facility  with  which  bodies  take  fire  in  this  gas  seems  to 
depend  on  the  ease  with  which  it  parts  with  its  oxy- 
gen. 

4.  This  gaS  is  neither  altered  by  exposure  to  light 
nor  to  caloric.  It  passes  unaltered  through  red  hot 
porcelain  tubes  f. 

5.  It  does  not  unite  readily  with  water.  Scheele  Action  of 
found,  that  after  standing  12  hours  over  water,  ^ths  of  water‘ 
the  gas  were  absorbed:  the  remainder  was  common  air, 

which  no  doubt  had  been  contained  in  the  vessel  before 
the  operation.  Berthollet  surrounded  several  bottles 
containing  it  with  ice  : as  soon  as  the  water  in  these 
bottles  was  saturated,  the  gas  became  concrete,  and  sunk 
to  the  bottom  of  the  vessels; ; but  the  smallest  heat 
made  it  rise  in  bubbles)  and  endeavour  to  escape  in  the 
form  of  gas  J.  Westrum  observed  that  it  became  solid 
when  exposed  in  large  vessels  to  the  temperature  of 
40 0 ; and  that  then  it  exhibited  a kind  of  crystalliza- 
tion §.  Ihe  specific  gravity  of  water,  saturated  with 
this  gas  at  the  temperature  of  430,  is  1.003  II-  From 
Berthollet’s  experiments  it  appears  that  a cubic  inch  of  • 
water  is  capable  of  absorbing  about  1.6  grains  (Trench) 
of  this  acid  gas.  Water  impregnated  with  this  gas  is 
usually  distinguished  by  the  name  of  oxymuriatic  acid. 

It  has  a pale  greenish-yellow  colour,  and  a suffocating 


* Fourcroy,  Ann:  de  Cbim.  iv.  251. 
{ 'Jour,  de  Pbys.  1 785. 

||  Berthollet,  Ibid.  1785. 
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odour  like  the  gas  ; its  taste  is  not  acid,  but  astringent. 
It  is  usually  prepared  by  causing  the  gas  to  pass  thro1 
a succession  of  Woulfe’s  bottles,  nearly  filled  with  pure 
water.  Light  decomposes  this  acid,  as  Berthollet  dis- 
covered, though  it  has  no  action  on  the  gas. 

6.  It  renders  vegetable  colours  white , and  not  red,  as 
other  acids  do ; and  the  colour  thus  destroyed  can  nei- 
ther be  restored  by  acids  nor  alkalies.  It  has  the  same 
effects  on  yellow  wax.  If  the  quantity  of  vegetable  co- 
lours to  which  it  is  applied  be  sufficiently  great,  it  is 
found  reduced  to  the  state  of  common  muriatic  acid. 
Hence  it  is  evident,  that  it  destroys  these  colours  by 
communicating  oxygen.  This  property  has  rendered 
oxymuriatic  acid  a very  important  article  in  bleaching. 

7.  Oxymuriatic  acid  is  not  altered  by  oxygen  gas  ; 
but  all  the  simple  combustibles  are  capable  of  decom- 
posing it. 

When  one  measure  of  hydrogen  gas  is  mixed  with 
two  measures  of  oxymuriatic  acid*,  and  kept  for  24 
hours  in  a phial  closed  with  a ground-stopper,  and  the 
phial  is  then  opened  under  water,  the  whole  of  the  ga- 
seous contents  disappear.  Hence  it  is  obvious  that  they 
act  upon  each  other : the  hydrogen  absorbs  the  oxygen 
of  the  acid,  and  is  converted  into  water,  while  muriatic 
acid  is  evolved  f.  When  a mixture  of  oxymuriatic 
acid  gas  and  hydrogen  gas  is  made  to  pass  through  a 
red  hot  porcelain  tube,  a violent  detonation  takes  place  f. 
By  electricity  a feeble  explosion  is  produced. 


* This  gas  was  obtained  by  a method  to  be  described  in  the  next 
Section,  and  obviously  contained  a portion  of  byperoxymuriatic  acid, 
t Cruikshank,  Nicholson’s  Journal,  l8oz,  v.  202. 
f Fourcroy,  ii.  no. 
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When  melted  sulphur  is  plunged  into  it,  inflamma- 
tion also  takes  place,  and  the  sulphur  is  converted  into 
sulphuric  acid*;  but  cold  sulphur,  though  it  is  partly 
acidified  by  this  gas,  does  not  take  fire  in  itf. 

When  phosphorus  is  plunged  into  this  gas,  it  imme- 
diately takes  fire,  burns  with  considerable  splendour, 
and  is  converted  into  phosphoric  acid.  This  was  first 
described  by  an  anonymous  German  writer %,  and  af- 
terwards by  Westrum,  Schmeisser,  Fourcroy  and  Vau- 
quelin$. 

When  charcoal  in  fine  powder  is  thrown  into  this  gas, 
heated  to  about  90°,  it  also  takes  fire,  according  to 
Westrum  ; but  this  experiment  has  not  succeeded  in 
the  hands  of  other  chemists.  If  we  believe  Professor 
Lampadius,  the  diamond  also,  when  heated  to  redness, 
and  plunged  into  oxymuriatic  acid  gas,  burns  in  it  with 
great  splendour  ; but  this  experiment  has  also  failed  in 
the  hands  of  other  chemists. 

Sulphureted,  phosphureted,  and  carbureted  hydrogen 
gas  likewise  decompose  this  acid  ; but  none  of  them, 
except  phosphureted  hydrogen,  produce  spontaneous 
inflammation  with  it. 

When  one  measure  of  carbureted  hydrogen,  from 
ether  or  camphor,  is  mixed  with  two  measures  of  oxy- 
muriatic gas,  and  allowed  to  remain  for  24  hours  in  a 
phial  closed  with  a ground- stopper,  the  gases  mutually 
decompose  each  other  ; water,  muriatic  acid,  carbonic 
acid,  and  carbonic  oxide,  are  formed.  Accordingly 

1 £)  m 
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# Fourcroy,  ii.  no. 

| Westrum,  Cre!l’»  Annals,  i.  150.  English  Transl. 
) Crcll’s  Beitra^e,  vol.  i.  part  3. 
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when  water  is  admitted,  the  whole  is  absorbed  except 
about  0.43  of  a measure:  0.09  of  this  residue  is  ab- 
sorbed by  lime  water;  the  rest  is  carbonic  oxide.  When 
there  is  an  excess  of  oxymuriatic  acid,  the  resulting  sub- 
stances are  water,  muriatic  acid,  and  carbonic  oxide  *. 
When  a mixture  of  two  parts  oxymuriatic  acid  gas,  and 
one  part  carbureted  hydrogen,  is  fired  by  electricity, 
charcoal  is  deposited,  and  the  gas  diminished  to  c.6  of 
a measure  ; 0.5  of  which  are  absorbed  by  water,  the 
rest  is  combustible  f . 

8.  Oxymuriatic  acid  is  not  acted  upon  by  cither  of 
the  simple  incombustibles. 

9.  Oxymuriatic  acid  oxidizes  all  the  metals  without 
the  assistance  of  heat.  Several  of  them  even  take  fir$ 
as  soon  as  they  come  into  contact  with  the  gas,  as  Wes- 
trum  first  discovered.  AH  that  is  necessary  is  to  throw 
a quantity  of  the  metal  reduced  to  a fine  powder  into  a 
vessel  filled  with  the  gas.  The  inflammation  takes 
place  immediately  ; the  metal  is  oxidized,  while  the 
acid,  decomposed  and  reduced  to  common  muriatic  acid, 
combines  with  the  oxide,  and  forms  a muriat.  Arse- 
nic burns  in  oxymuriatic  acid  gas  with  a blue  and  green 
flame  ; bismuth,  with  a lively  bluish  flame  ; nickel, 
with  a white  flame,  bordering  on  yellow  ; cobalt,  with 
a white  flame,  approaching  to  blue  ; zinc,  with  a lively 
white  flame;  tin,  with  a feeble  bluish  flame;  lead,  with 
a sparkling  white  flame  ; copper  and  iron,  with  a red 
flame  Several  of  the  metallic  sulphurets,  as  cinna- 
bar, realgar,  sulphuret  of  antimony,  take  fire  when 
thrown  in  powder  into  this  gas. 


* Cruikshank,  Nicholson’s  Journal , 1802,  v.  204. 
$ Jour,  de  Pbys.  xxxvii.  385. 
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10.  When  oxymuriatic  acid  gas  and  ammoniacal  gas 
are  mixed  together,  a rapid  combustion,  attended  with 
a white  flame,  instantly  takes  place  ; both  the  gases  are 
decomposed,  water  is  formed,  while  azotic  gas  and  mu- 
riatic acid  are  evolved  *.  The  same  phenomena  are  ap- 
parent, though  in  a smaller  degree,  when  liquid  ammo- 
nia is  poured  into  the  acid  gas  f . The  same  decompo- 
sition takes  place  though  both  the  acid  and  alkali  be  in 
a liquid  state.  If  four-fifths  of  a glass  tube  be  filled 
with  oxymuriatic  acid,  and  the  remaining  fifth  with  am- 
monia, and  the  tube  be  then  inverted  over  water,  an 
effervescence  ensues,  and  azotic  gas  is  extricated  if.  It 
was  by  a similar  experiment  that  Berthollet  demonstra- 
ted the  composition  of  ammonia. 

11.  This  acid  has  not  hitherto  been  combined  with 
the  alkalies,  earths,  or  metallic  oxides  ; nor  have  any 
sufficient  proofs  been  adduced  that  it  is  capable  of 
combining  with  these  bodies. 

12.  Oxymuriatic  acid  gas  reddens  nitrous  gas,  and 
converts  it  into  nitrous  acid.  It  produces  no  effect  upon 
any  of  the  acids  hitherto  described,  except  the  sulphu- 
rous and  phosphorous,  which  it  converts  into  sulphuric 
and  phosphoric. 

13.  When  muriatic  acid  is  mixed  with  nitric  acid, 
the  compound  has  precisely  the  smell  and  the  qualities 
of  oxymuriatic.  This  mixture  of  the  two  acids  was 
formerly  called  aqua  regia;  but  at  present  it  is  usually 
denominated  nitro-muriatic  acid.  It  is  first  mentioned 
by  Isaac  Hollandus,  and  seems  to  have  been  known 
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before  the  muriatic  acid  itself.  It  was  prepared  by 
pouring  nitric  acid  on  common  salt.  The  nitric  acid 
decomposes  the  salt,  and  part  of  it  unites  with  the  mu- 
riatic acid  thus  set  at  liberty.  As  soon  as  these  two 
acids  are  mixed  they  begin  to  act  upon  each  other.  The 
muriatic  acid  decomposes  part  of  the  nitric,  combines 
with  its  oxygen,  and  is  thus  partly  converted  into  oxy- 
muriatic  acid.  Hence  the  suffocating  odour  of  that 
acid  which  the  mixture  exhales.  The  nitrous  gas,  thus 
§et  at  liberty,  is  absorbed  by  the  undecomposed  nitric 
acid,  and  converts  it  into  nitrous  acid.  When  these 
mutual  combinations  are  completed,  the  action  of  the 
two  acids  on  each  other  ceases.  Thus  nitro-muriatic 
acid  is  a mixture  or  combination  of  nitrous  acid,  muri- 
atic acid,  and  oxymuriatic  acid  *. 

Mr  Lambe  some  time  agof  announced,  that  when 
iron  is  acted  upon  by  sulphureted  hydrogen  gas,  a sub- 
stance is  produced  which  possesses  all  the  properties  of 
oxymuriat  of  iron  (oxymuriatic  acid  combined  with 
iron_).  In  a solution  of  this  gas  in  distilled  water,  he 
digested  iron  filings,  previously  pprified  by  repeated 
washings  with  distilled  water.  The  bottle  was  filled 
with  the  solution,  and  corked.  The  iron  was  presently 
acted  upon  ; numerous  bubbles  arose,  which  drove  the 
cork  out  of  the  bottle;  they  were  strongly  inflammable, 
and  probably  therefore  pure  hydrogen  gas.  The  liquor 
gradually  lost  its  odour  of  sulphureted  hydrogen  gas, 
and  after  some  days  smelled  very  much  like  stagnant 
rain-water.  As  the  bubbles  ceased  to  be.  produced,  it 
recovered  its  transparency.  On  evaporating  a small 


♦ Fourcroy,  ii.  107. 


f Manchester  Memires,  y.  194. 
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quantity  of  this  solution  in  a watch-glass  to  dryness,  a 
bitter  deliquescent  salt  was  left  behind.  On  this  salt  a 
little  sulphuric  acid  was  dropped,  and  paper  moistened 
with  ammonia  was  held  over  the  glass  ; white  vapours 
were  immediately  formed  over  the  glass ; and  conse- 
quently some  volatile  acid  was  separated  by  the  sulphu- 
ric acid.  Mr  Lambe  evaporated  about  eight'  ounce- 
measures  of  the  same  liquor,  and,  as  before,  dropped  a 
little  sulphuric  acid  on  the  residuum  ; a strong  effer- 
vescence was  excited,  very  pungent  acid  fumes  arose, 
which,  from  their  smell,  were  readily  known  to  be  mu- 
riatic. The  same  truth  was  established  beyond  a doubt, 
by  holding  a bit  of  paper,  moistened  with  water,  which 
made  the  vapours  visible  in  the  form  of  a grey  smoke  ; 
a distinguishing  characteristic,  as  Bergman  has  obser- 
ved, of  the  muriatic  acid — When  manganese  and  mer- 
cury were  dissolved  in  sulphureted  hydrogen  gas,  the 
salts  formed  gave  the  same  unequivocal  marks  of  the 
presence  of  muriatic  acid. 

This  experiment  of  Mr  Lambe  has  been  lately  re- 
peated with  every  possible  precaution  by  Vauquelin, 
and  also  by  Guyton-Morveau,  and  Bouillon-Lagrange  ; 
but  these  chemists  did  not  succeed  in  obtaining  a par- 
ticle of  oxymuriat  of  iron*.  We  must  conclude,  then, 
that  in  the  experiment  of  Mr  Lambe,  muriatic  acid 
must  have  insinuated  itself  into  his  solution  by  some 
unknown  channel.  A fact  mentioned  by  Berthollet 
may  perhaps  contribute  something  to  explain  this  insi- 
nuation, and  may  also  suggest  a valuable  hint  towards 
the  investigation  of  the  real  component  parts  of  this 
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obstinate  acid.  He  converted  a quantity  of  iron  into 
filings  with  all  possible  care.  The  filings,  when  wash- 
ed with  water,  gave  no  marks  of  containing  muriatic 
acid  ; but  after  being  exposed  for  some  days  to  the  air, 
they  furnished,  when  again  washed,  evident  traces  of 
the  presence  of  muriatic  acid*. 

14.  From  the  action  of  oxymuriatic  acid  on  combus- 
tibles above  described,  and  the  compounds  produced  by 
it,  no  doubt  can  be  entertained  that  it  is  a compound  of 
muriatic  acid  and  oxygen.  This  was  first  demonstrated 
by  Berthollet,  by  a great  number  of  ingenious  and  deci- 
sive experiments. 

He  attempted  also  to  ascertain  the  proportion  of 
its  constituent  parts.  For  this  purpose  he  saturated 
50  cubic  inches  (French)  of  water  with  oxymuriatic 
acid,  and  exposed  the  liquid  for  some  days  to  the 
light  of  the  sun.  The  oxygen  gas  disengaged  a- 
mounted  to  15  cubic  inches  (French)  or  8 grains.  The 
muriatic  acid  which  remained  in  the  liquid  amounted 
to  65  grains.  Hence  it  follows,  that  oxymuriatic  acid 
is  composed  of  6 j parts  muriatic  acid,  and  8 parts  oxy- 
gen, or  of  about 89  muriatic  acid 

1 1 oxygen 

100 

But  this  method,  though  exceedingly  simple  and  inge- 
nious, was  scarcely  susceptible  of  precision.  The  ana- 
lysis of  Chenevix,  made  in  a different  way,  deserves  much 
more  confidence.  This  celebrated  chemist  caused  a 


* Ann.  de  Cl/im.  xxxvii.  194. — Similar  facts  had  been  pointed  out  long 
before  by  Margraff. 
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current  of  oxymuriatic  acid  gas  to  pass  through  a dilu- 
ted solution  of  potass  in  water,  till  it  contained  an  excess 
of  acid.  He  then  evaporated  to  dryness,  and  procured 
a saline  mass  containing  all  the  potass  and  the  oxymu- 
riatic acid.  But  when  oxymuriatic  acid  is  made  to 
act  upon  potass  in  this  manner,  it  divides  itself  into  two 
portions ; one  portion  consists  of  common  muriatic 
acid,  the  other  contains  all  the  oxygen,  and  is  therefore 
in  the  state  of  hypercxymuriatic  acid.  The  potass  in 
the  dry  salt  was  therefore  partly  combined  with  muria- 
tic acid,  and  partly  with  hyperoxymuriatic  acid.  Ni- 
trat  of  silver  precipitates  the  first  of  these  acids 
from  all  solutions,  but  not  the  second.  Hence  an 
easy  method  of  ascertaining  the  relative  proportion  of 
these  two  acids  in  a given  quantity  of  salt  presented  it- 
self. Accordingly  Mr  Chenevix  ascertained,  that  in 
ioo  parts  of  the  dry  salt,  84  consisted  of  56.12  parts  of 
potass  combined  with  27.88  of  muriatic  acid,  and  16  of 
3.8  of  potass  combined  with  12.2  of  hyperoxymuriatic 
acid.  But  he  had  ascertained,  by  a method  to  be  de- 
scribed in  the  next  Section,  that  12.2  parts  of  hyper- 
oxymuriatic acid,  contained  9 parts  of  oxygen,  and  3.2 
of  muriatic  acid.  Therefore  27.88-l-3.2rr3  x .08  muria- 
tic acid,  and  9 parts  of  oxygen  form  40.08  of  oxymuria- 
tic acid.  Hence  it  follows,  that  oxymuriatic  acid  is 

composed  of 84  muriatic  acid, 

16  oxygen. 

ICO 

15.  Though  oxymuriatic  acid  lias  hitherto  been  pla- 
ced among  acids  by  chemists,  it  does  net  possess  a single 
property  which  characterises  that  class  of  bodies.  Its 
taste  is  not  acid  but  astringent  j it  does  not  convert  ve- 
getable blues  to  red,  but  destroys  them ; it  combines 


91 

Chap.  IV. 

V « 


Not  an  a- 
cid. 


9*  . 

Book  H. 
Division  I. 


ACID  SUPPORTERS. 

very  sparingly  with  water,  and  is  incapable  of  combi- 
ning with  alkalies,  earths,  or  metallic  oxides.  It  ought 
therefore  to  be  placed  among  the  oxides  rather  than  the 
acids.  But  Scheele,  the  original  diseoverer  of  it,  was 
induced,  from  the  theory  which  then  prevailed,  to  con- 
sider it  as  merely  muriatic  acid  deprived  of  phlogiston  -t 
and  after  the  mistake  was  discovered,  the  theory  of  La- 
voisier respecting  the  acid  principle,  which  then  became 
fashionable,  was  considered  as  a sufficient  reason  for 
continuing  it  in  its  place  among  acids  in  spite  of  its 
properties.  It  must  be  confessed,  however,  that  such 
arbitrary  arrangements  are  no  small  impediments  to  the 
progress  of  the  science. 


SECT  V. 


Formation. 


OF  HYPEROXYMURIATIC  acid. 

T he  existence  of  this  acid  was  first  suspected  by  Mr 
Berthollet,  though  he  satisfied  himself  with  little  more 
than  strong  analogy.  It  has  been  lately  put  out  of 
doubt  by  the  experiments  of  Mr  Chenevix. 

i.  If  a solution  of  potass  in  6 times  its  weight  of  wa- 
ter be  put  into  a Wolfe’s  bottle,  and  a stream  of  oxy- 
muriatic  acid  gas  be  made  to  pass  through  it  in  the  usual 
way  till  the  potass  is  saturated,  crystals  in  the  form  of 
fine  vdiite  scales  are  deposited  in  considerable  quantity. 
These  crystals  have  received  the  name  of  hyperoxyge- 
nizcd  muriat  of pot  ass.  They  possess  very  curious  and 
important  properties.  If  the  liquid  from  which  this 
salt  is  deposited  be  evaporated  to  dryness,  another  salt 

will  be  obtained,  composed  of  muriatic  acid  and  potass. 
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These  facts  were  all  discovered  by  Berthollet.  He  con- 
cluded from  them,  that  the  oxymuriatic  acid  had  been 
decomposed  during  the  process  ; that  one  portion  of  it 
lost  the  whole  of  its  oxygen,  and  was  reduced  to  the 
state  of  muriatic  acid,  while  another  portion  combined 
with  an  additional  dose  of  oxygen,  and  was  converted 
into  hyper  oxymuriatic  acid.  Hence  the  appellation  of 
the  salt  which  contained  this  last  acid. 

2.  This  theory  of  Berthollet  was  very  plausible  ; and 
it  induced  the  greater  number  of  chemists  to  believe 
that  the  substance  to  which  hyperoxymuriat  of  potass 
owes  its  peculiar  properties,  differs  from  oxymuriatic  a- 
cid  by  containing  an  additional  dose  of  oxygen.  But 
the  opinion  remained  destitute  of  sufficient  proof,  till 
Mr  Chenevix  published  his  important  dissertation  on 
the  subject  in  1802.  Mr  Chenevix  exposed  100  grains 
of  hyperoxymuriat  of  potass  to  the  heat  of  a lamp ; it 
lost  2.5  parts  of  its  weight,  which  he  ascertained  to  be 
water.  "When  heated  to  redness,  a violent  effervescence 
took  place,  and  112.5  cubic  inches  of  oxygen  gas,  or 
38.3  grains,  were  extricated.  The  salt  which  remain- 
ed in  the  retort  amounted  to  53.5  grains,  and  5 grains 
had  been  volatilized  during  the  process  *.  Hence  it 
follows,  that  hyperoxymuriat  of  potass  is  composed  of 

2.5  water 
38.3  oxygen 
58.5  muriat  of  potass 

99-3 

But  Mr  Chenevix  ascertained,  that  the  muriatic  acid  re- 
maining in  this  saline  residue  amounted  to  20  grains. 


* U had  been  long  known  that  this  9^1inc  residue  is  a compound  of 
fosass  and  muriatic  acid. 
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Therefore  38.3  parts  of  >xygen,  and  20  parts  of  muria- 
tic acid,  constitute  58.3  parts  of  the  acid  which  exists  in 
hyperoxymuriat  of  potass.  That  acid  of  course  is  com- 
posed of  about 65  oxygen 

35  muriatic  acid 


100 

The  acid  which  constitutes  a part  of  hyperoxymuriat  of 
potass  contains,  we  see,  nearly  nine  times  as  much 
oxygen  as  exists  in  oxymuriatic  acid.  Thus  the  theory 
of  Berthollet  is  confirmed  in  the  fullest  manner.  We 
see  that  muriatic  acid  combines  with  two  doses  of  oxy- 
gen ; with  the  first  dose  it  constitutes  oxymuriatic  acid, 
with  the  second  the  acid  that  exists  in  hyperoxymuriat 
of  potass,  which  has  been  called  hyperoxymuriatic  acid. 
Oxymuriatic  acid  contains  0.16  oxygen 

Hyperoxymuriatic  acid  0.65 

Hence  it  follows,  that 

Muriatic  Oxymur. 

acid.  Oxygen.  acid. 

1. 00  -j-  O.19  ~ 1. 19  Oxygen.  Hyperoxymuriatic  acid, 
x - 1 9 — f-  1.67  = 2.86 

Cannot  be  3-  But  though  the  peculiar  nature  of  hyperoxymu- 

obtamed  se-  rjatjc  acid  has  been  thus  demonstrated,  all  attempts  to 
parate.  1 

procure  it  in  a separate  state  have  hitherto  failed.  Its 
properties  therefore  are  but  imperfectly  known.  From 
the  amazing  energy  with  which  hyperoxymuriat  of 
potass  acts  upon  combustible  bodies,  it  is  obvious  that 
it  possesses  in  perfection  the  property  of  supporting 
combustion.  It  combines  also  with  alkalies,  earths, 
and  metallic  oxides,  and  forms  salts  of  a very  peculiar 
nature,  which  we  shall  afterwards  examine.  Mr  Che- 
nevix  has  rendered  it  probable,  that  it  converts  vegeta- 
ble blues  into  red.  It  cannot  be  doubted  that  it  com- 


HYPEROXYMtf  RIATIC.  9^ 

bines  with  water.  Several  phenomena  indicate,  that  tchaP-  IV\ 
when  pure  it  assumes  the  gaseous  state. 

4.  When  sulphuric  acid  is  poured  upon  hyperoxyge-  Action  of 
nized  muriat  of  potass,  a,  violent  decrepitation  takes  acj)j} 
place,  and  sometimes  a flash  of  light  is  visible.  The 
sulphuric  acid  in  this  case  combines  with  the  potass, 

and  disengages  the  hyperoxymuriatic  acid.  This  last 
acid  rises  in  the  state  of  a heavy  vapour  of  a greenish 
yellow  colour  ; its  smell  has  some  resemblance  to  that  of 
nitrous  gas,  but  peculiarly  fetid  : it  is  compared  by  Mr 
Chenevix  to  the  odour  emitted  by  brick  kilns  mixed 
with  that  of  nitrous  gas.  At  the  bottom  of  this  vapour 
is  a bright  orange-coloured  liquid,  consisting  of  the  sul- 
phuric acid,  the  potass,  and  a portion  of  the  hyperoxy- 
muriatic acid.  But  the  acid  thus  separated  is  not  pure, 
being  partly  decomposed  by  the  process,  and  being  mix- 
ed with  a portion  of  sulphuric  acid.  If  we  attempt  to 
separate  the  hyperoxymuriatic  acid  by  distillation,  the 
moment  the  mixture  is  heated  to  about  120°,  a violent 
explosion  takes  place  which  breaks  the  vessels  in  pieces. 

This  seems  to  be  owing  to  the  rapidity  with  which  the 
acid  is  decomposed  by  a moderate  heat*.  Nitric  acid 
produces  nearly  the  same  effects  as  the  sulphuric. 

5.  When  muriatic  acid  is  poured  upon  the  salt,  a Of  muriatic 
violent  effervescence  takes  place,  and  gas  is  emitted  a-  dad' 
bundantly,  which  has  the  smell  and  colour  of  oxynra- 

riatic  acid,  but  is  much  more  rapidly  absorbed  by  water. 

This  process  was  first  pointed  out  by  Mr  Cruikshank. 

He  obtained  in  this  manner  the  gas  which  he  employed 
in  his  experiments  on  carbonic  oxide.  When  two  mea- 
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sures  of  hydrogen  gas  are  mixed  with  2.3  measures  of 
gas  procured  in  this  manner,  Mr  Cruikshank  found 
that  the  mixture  explodes  feebly  with  the  electric  spark, 
and  is  totally  converted  into  water  and  muriatic  acid. 
But  two  measures  of  hydrogen  gas  require  one  measure 
of  oxygen  gas  to  convert  them  into  water.  Hence  Mr 
Cruikshank  infers,  that  2.3  parts  of  the  gas  procured 
according  to  his  process,  contain  1 part  of  oxygen  and 
1.3  of  muriatic  acid;  which  gives  as  its  component  part* 

56.5  muriatic  acid, 

43-5  oxygcn* 


100.0  * 


This  shews  us  that  the  gas  extricated  from  the  salt  by 
muriatic  acid  is  not  pure  hyperoxymuriatic  acid.  Mr 
Chenevix  has  rendered  it  probable,  that  it  is  a mixture  of 
that  acid  and  oxymuriatic  acid  gas : a portion  of  the  first 
acid  being  decomposed  by  the  muriatic  acid,  with  which 
it  comes  in  contact  at  the  moment  of  its  disengage- 

4 

ment. 

Affinities.  6.  The  affinities  of  hyperoxymuriatic  acid,  as  ascer- 
tained  by  Chenevix,  are  in  the  following  order : 

Potass, 

Soda, 

Barytes, 

Strontian* 

Lime, 

Ammonia, 

Magnesia, 

Alumina. 


* Nicholson’s  Journal,  iScZ,  V.  20 6, 
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Much  still  remains  to  be  done  before  the  properties  of  Chap,  iv. 
this  interesting  acid  be  fully  developed.  Mr  Chenevix 
has  ascertained,  that  it  is  always  formed  when  nitro- 
muriatic  acid  is  boiled  upon  platinum,  and  likewise 
when  oxide  of  titanium  is  precipitated  by  potass  from 
jnuriatic  acid. 


SECT.  VI. 

OF  ARSENIC  ACID. 


Arsenic,  as  we  harve  seen  formerly,  is  capable  of  com- 
bining with  two  doses  of  oxygen ; and  both  the  com- 
pounds which  it  forms  with  that  body  possess  acid  pro- 
perties. The  first,  distinguished  by  Fourcroy  by  the 
name  of  arsenious  acid , but  more  usually  denominated 
white  oxide  of  arsenic,  has  been  already  described*.  The 
second,  called  arsenic  acid,  was  discovered  by  Scheele  in 
1775!,  and  its  most  remarkable  properties  investigated. 

Pelletier  afterwards  published  a valuable  dissertation  on 
it.  And  more  lately  its  properties  and  constituent  parts 
have  been  more  completely  investigated  by  Proust  and 
Bucholz^.  . 

I.  Arsenic  acid  is  usually  prepared  by  the  process  Prepar4, 
pointed  out  by  Scheele.  Three  parts  of  white  oxide  of  ««>. 
arsenic  are  dissolved  in  seven  parts  of  muriatic  acid,  and. 


* See  Book  I.  chap.  iii.  sect.  14. 
1 "Jour,  di  Cbim.  iv.  J. 
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the  solution  is  mixed  with  five  parts  of  nitric  acid,  and 
distilled  to  dryness.  What  remains  is  arsenic  acid.  But 
this  method  has  been  considerably  improved  by  Bu- 
cholz.  His  method  is  as  follows.  Mix  in  a retort  one 
part  of  muriatic  acid  of  the  specific  gravity  1.2,  four 
parts  of  the  white  oxide  of  arsenic,  and  1 2 parts  of  ni- 
tric acid  of  the  specific. gravity  1.25.  Boil  the  mixture 
till  the  oxide  disappear  and  nitrous  gas  ceases  to  be  dis- 
engaged.  Then  evaporate  to  dryness,  and  expose  the 
mass  for  a few  minutes  to  a low  red  heat.  What  re- 
mains after  this  is  solid  arsenic  acid. 

2.  Arsenic  acid,  thus  prepared,  is  a white  solid  mass, 
nearly  tasteless.  Its  specific  gravity  is  3-391.  It  is 
very  fixed.  When  heated  strongly,  it  melts  and  re- 
mains transparent,  and  is  converted  into  a glass,  which 
acts  powerfully  on  the  vessel  in  which  the  experiment 
is  performed.  This  glass  attracts  moisture  from  the 
air.  When  the  heat  is  very  strong,  the  acid  gives  out 
a little  oxygen  gas,  and  is  at  the  same  time  partly  con- 
verted into  white  oxide. 

3.  It  dissolves  Very  slowly  in  six  parts  of  cold  wa- 
ter ; but  two  parts  of  boiling  water  dissolves  it  almost 
instantly,  and  it  remains  in  a state  of  solution  even  tho’ 
a considerable  portion  of  that  water  be  evaporated. 
With  half  its  weight  of  water  it  has  a syrupy  consist- 
ency ; and  by  farther  evaporation  it  deposites  crystals 
in  grains  *.  Its  taste,  when  liquid,  is  acid,  caustic,  and 
metallic. 

4.  Oxygen  has  no  action  whatever  on  this  acid}  nei- 
ther is  it  affected  by  exposure  to  the  open  air. 


* Bucbolz,  Jour,  de  Cbim.  iv.  J, 
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5.  The  simple  combustibles  decompose  it  by  the  as- 
sistance of  heat : And  in  these  cases,  as  we  learn  from 
the  experiments  of  Scheele  and  of  the  Dijon  Academi- 
cians, combustion  sometimes  takes  place  ; a proof  that 
arsenic  acid  is  a supporter  of  combustion. 

6.  The  simple  incombustibles  do  not  appear  to  pro- 
duce any  alteration  on  it. 

7.  Several  of  the  metals  decompose  it  when  assisted 
by  heat.  It  does  not  act  upon  gold,  platinum,  silver, 
mercury.  It  oxidizes  copper,  iron,  lead,  tin,  zinc,  bis- 
muth, antimony,  cobalt,  nickel,  manganese,  and  arsenic, 
and  in  a strong  heat  mercury  and  silver. 

8.  It  combines  with  alkalies,  earths,  and  several  of 
the  metallic  oxides,  and  forms  compounds  which  have 
been  called  arseniats. 

9.  Its  affinities  are  as  follows  : 

Lime, 

Barytes, 

Strontian, 

Magnesia, 

Potass, 

Soda, 

- Ammonia, 

Glucina, 

Alumina, 

Zirconia. 

10.  From  the  way  in  which  this  acid  is  formed,  it 
cannot  be  doubted  that  it  is  composed  of  the  white  ox- 
ide of  arsenic  and  oxygen.  Nor  is  it  very  difficult  to 
ascertain  the  proportion  of  these  constituent  parts  ; for 
the  oxygen  must  be  equivalent  to  the  increase  of  weight 
which  the  oxide  experiences  during  its  acidification. 

G a 
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From  the  experiments  of  Proust  we  learn,  that  this  aug- 
mentation of  weight  amounts  to  0.15  parts:  Bucholt 
found  it  0.16 ; a degree  of  coincidence  as  great  as  can 
be  expected  in  experiments  of  that  delicate  nature. 
Hence  it  follows  that  arsenic  acid  is  composed  of  about 
86.5  white  oxide  of  arsenic 
*3-5  oxygen 

100.0 

But  the  oxide  of  arsenic  contains  nearly  0.25  of  oxygen. 
This  gives  us  arsenic  acid  composed  of  about 
65  arsenic 
35  oxygen 

100 

» ' * 

It  is  only  the  second  dose  of  oxygen,  amounting  to 
13.5  parts,  which  gives  this  acid  the  property  of  sup- 
porting combustion,  and  of  emitting  oxygen  gas  when 
strongly  heated. 
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SECT.  VII. 

OF  TUNGSTIC  ACID. 

r* he  substance  called  tungstic  acidhy  Scheele  and  Berg-  History, 
man  was  discovered  by  Scheele  in  1781.  This  philo- 
sopher obtained  it  from  tungstat  of  lime , by  treating  it 
with  nitric  acid  and  ammonia  alternately.  The  acid 
dissolves  the  lime,  and  the  ammonia  combines  with  the 
tungstic  acid.  The  ammoniacal  solution,  when  satura- 
ted with  nitric  or  muriatic  acid,  deposites  a white  pow- 
der, which  is  the  tungstic  acid  of  Scheele. 

This  powder  has  an  acid  taste,  it  reddens  vegetable 
blues,  and  is  soluble  in  20  parts  of  boiling  water.  The 
De  Luyarts  have  demonstrated,  that  this  pretended  acid 
is  a compound  of  yellow  oxide  of  tungsten,  the  alkali 
employed  to  dissolve  it,  and  the  acid  used  to  precipitate 
it.  Thus,  when  prepared  according  to  the  above  de- 
scribed process,  it  is  a compound  of  yellow  oxide,  am- 
monia, and  nitric  acid.  Their  conclusions  have  been 
more  lately  confirmed  by  the  experiments  of  Vauque- 
lin  and  Hecht.  This  substance  must  therefore  be  erased 
from  the  class  of  acids,  and  placed  among  the  salts. 

The  real  acid  of  tungsten  is  a yellow  powder  ; the 
method  of  procuring  which,  and  its  properties,  have 
been  already  described  under  the  denomination  of  Tel- 
low  Oxide  of  Tungsten* . It  ought  rather,  as  Vauque- 


* Vol.  I.  p.250. 
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Affinities. 


lin  and  Hecht  have  properly  remarked,  to  be  classed 
among  the  oxides  than  the  acids  ; for  it  is  insoluble  in 
water,  tasteless,  and  has  no  effect  on  vegetable  blues. 
It  agrees  with  the  acids  indeed  in  the  property  of  com- 
bining with  alkalies  and  earths,  and  perhaps  also  with 
some  metallic  oxides,  and  forming  with  them  salts  which 
have  been  denominated  tungstats;  but  several  other  me- 
tallic oxides,  those  of  lead,  silver,  and  gold,  for  instance, 
possess  the  same  property.  These  oxides  therefore  may 
be  called  acids  with  as  much  propriety  as  the  yellow  ox- 
ide of  tungsten. 

The  affinities  of  this  oxide,  as  far  as  they  have  been 
ascertained,  are  as  follows  f : 

Lime, 

Barytes, 

Strontian, 

Magnesia, 

Potass, 

Soda, 

Ammonia, 

Glucina, 

Alumina, 

Zirconia. 


* Luyarts. 
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• . SECT.  VIII. 

OF  MOLYBDIC  ACID. 

Molybdic  acid,  which  is  a compound  of  molybde-  prepara. 
num  and  oxygen,  was  discovered  by  Scheele  in  1778.  tlon' 

It  is  commonly  procured  from  molybdena,  or  sulphuret 
of  molybdenum,  by  distilling  off  from  it  nitric  acid  re- 
peatedly, till  both  the  sulphur  and  metal  are  acidified ; 
which  is  known  by  the  conversion  of  the  whole  into  a 
white  mass.  Hot  water  carries  off  the  sulphuric  acid, 
and  leaves  the  molybdic  in  a state  of  purity. 

Molybdic  acid,  thus  prepared,  is  a white  powder,  of  pr0penjes 
a sharp  metallic  taste,  and  a specific  gravity  of  3.4. 

When  heated  in  a close  vessel  it  melts  and  crystallizes  ; 
but  in  an  open  vessel  it  sublimes  in  a white  smoke, 
which  attaches  itself  to  cold  bodies,  and  assumes  the 
form  of  brilliant  yellow  scales. 

It  is  soluble  in  960  parts  of  boiling  water.  The  so- 
lution is  pale  yellow  ; it  has  no  taste,  but  reddens  lit- 
mus paper.  The  molybdic  acid  is  precipitated  from  this 
solution  by  sulphuric,  nitric,  and  muriatic  acids*. 

Molybdic  acid  is  not  affected  by  oxygen  gas  ; but  it 
is  decomposed  by  sulphur  and  charcoal,  and  several  of 
the  metals. 

It  combines  with  alkalies,  earths,  and  several  metallic 
oxides,  and  forms  salts  known  by  the  name  of  molybdats. 


* Hatchett,  Phil.  Tram,  Uxxvi.  323. 
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Sulphuric  acid  dissolves  molybdic  acid  when  assisted 
by  heat.  The  solution  is  colourless  while  hot;  but  when 
Cold  it  assumes  a deep  blue  colour,  which  is  heightened 
by  saturating  the  solution  with  soda.  When  this  sulphu- 
ric acid  solution  is  heated  strongly,  the  sulphuric  acid  is 
evaporated,  and  molybdic  acid  remains.  Muriatic  acid 
also  dissolves  it.  The  solution  is  of  a pale  yellowish 
green  colour ; but  it  becomes  blue  when  saturated  with 
potass.  Nitric  acid  does  not  dissolve  this  acid*. 

This  acid,  when  combined  with  potass,  forms  a co- 
lourless salt. 

Mixed  with  filings  of  tin  and  muriatic  acid,  it  imme- 
diately becomes  blue,  and  precipitates  flakes  of  the  same 
colour,  which  disappear  after  some  time,  if  an  excess  of 
muriatic  acid  has  been  added,  and  the  liquor  assumes  a 
brownish  colour. 

With  the  solution  of  nitrat  of  lead  it  forms  a white 
precipitate,  soluble  in  nitric  acid. 

When  mixed  with  a little  acohol  and  nitric  acid,  it 
does  not  change  its  colour. 

With  a solution  of  nitrat  of  mercury,  or  of  nitrat  of 
silver,  it  gives  a white  flaky  precipitate. 

With  the  nitrat  of  copper  it  forms  a greenish  preci- 
pitate. 

With  solutions  of  sulphat  of  zinc,  muriat  of  bismuth, 
muriat  of  antimony,  nitrat  of  nickel,  muriats  of  gold 
and  platinum,  it  produces  white  precipitates  when  these 
solutions  do  not  contain  an  excess  of  acid. 

When  melted  with  borax,  it  gives  it  a bluish  colour. 

Paper  dipt  in  this  acid  becomes  in  the  sun  of  a beau- 
tiful blue  colour  f. 


't  Hatchett,  Phil.  Trans,  lsxxvi.  323.  {■  Vauquelin,  Phil,  Mag,  i.  282, 
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OF  CHROMIC  ACID. 

Chromic  acid,  discovered  lately  by  Vauquelin,  has  on-  Prepara- 
ly  been  found,  in  any  quantity,  in  the  red  lead  ore  of  Si-  tlon- 
beria,  and  in  chromat  of  iron.  Its  properties  have  been 
investigated  by  Vauquelin  and  Mussin  Puschkin. 

It  may  be  obtained  by  boiling  the  red  lead  ore  witli 
carbonat  of  soda,  decanting  off  the  fluid  solution,  and  sa- 
turating it  with  one  of  the  mineral  acids;  a red  powder 
precipitates,  which  is  chromic  acid. 

Chromic  acid,  thus  obtained,  is  a red  or  orange-yel-  properties, 
low  powder,  of  an  acrid  and  strongly  metallic  taste.  It 
is  soluble  in  water,  and  crystallizes  in  the  form  of  elon- 
gated prisms  of  a ruby  colour. 

When  heated  it  gives  out  oxygen  gas,  and  is  con- 
verted into  green  oxide  of  chromium. 

When  mixed  with  filings  of  tin  and  the  muriatic  acid, 
it  becomes  at  first  yellowish  brown,  and  afterwards  as- 
sumes a beautiful  green  colour. 

When  mixed  with  a little  alcohol  and  nitric  acid,  it 
immediately  assftmes  a bluish  green  colour,  which  pre- 
serves the  same  shade  even  after  desiccation.  Ether 
alone  gives  it  the  same  colour. 

With  a solution  of  nitrat  of  mercury,  it  gives  a pre- 
cipitate of  a dark  cinnabar  colour. 

With  a solution  of  nitrat  of  silver,  it  gives  a precipi- 
tate which,  the  moment  it  is  formed,  appears  of  a beau- 
tiful carmine  colour,  but  becomes  purple  by  exposure 
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to  the  light.  This  combination,  exposed  to  the  heat 
of  the  blow-pipe,  melts  before  the  charcoal  is  inflamed. 
It  assumes  a blackish  and  metallic  appearance.  If  it 
be  then  pulverised,  the  powder  is  still  purple  ; but  af- 
ter the  blue  flame  of  the  lamp  is  brought  in  contact 
with  this  matter,  it  assumes  a green  colour,  and  the  sil- 
ver appears  in  globules  disseminated  throughout  its  sub- 
stance. 

With  nitrat  of  copper,  it  gives  a chesnut  red  precipi- 
tate. 

With  the  solutions  of  sulphat  of  zino,  muriat  of  bis- 
muth, muriat  of  antimony,  nitrat  of  nickel,  and  muriat 
of  platinum,  it  produces  yellowish  precipitates  when 
these  solutions  do  not  contain  excess  of  acid.  With 
muriat  of  gold,  it  produces  a greenish  precipitate. 

When  melted  with  borax  or  glass,  it  communicates 
to  them  a beautiful  emerald  green  colour. 

Paper  impregnated  \vith  chromic  acid  assumes  in  the 
light  a greenish  colour. 

When  mixed  with  muriatic  acid,  the  mixture  is  ca- 
pable of  dissolving  gold  like  aqu^  regia;  when  this  mix- 
ture of  the  two  acids  is  distilled,  oxymuriatic  acid  is 
disengaged,  and  the  liquor  assumes  a very  beautiful 
green  colour. 

Sulphuric  acid,  while  cold,  produces  no  effect  upon 
it;  but  when  warmed,  it  makes  it  assume  a bluish  green 
colour,  probably  by  favouring  the  disengagement  of 
oxygen. 

When  this  acid  is  heated  along  with  charcoal,  it  is 
reduced  to  the  metal  called  chromium. 
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SECT.  X. 

OF  COLUMBIC  ACID. 


1 his  metallic  acid  has  hitherto  been  detected  in  one 
specimen  only,  in  which  it  is  combined  with  the  oxide 
of  iron.  Mr  Hatchett,  to  whom  we  owe  the  discovery 
of  its  peculiar  properties,  separated  it  from  the  iron  by 
fusing  it  with  potass.  The  alkali  combined  with  a por- 
tion of  the  acid  which  was  separated  by  water.  Muri- 
atic acid  dissolved  the  oxide  of  iron  thus  deprived  of  its 
acid  ; and  the  ore,  after  this  treatment,  yielded  an  ad- 
ditional dose  of  acid  when  fused  with  potass.  By  re- 
peating this  process,  the  whole  of  the  acid  was  com- 
bined with  potass : the  solution  was  limpid.  Nitric 
acid  precipitated  the  columbic  acid  from  the  potass  in 
the  state  of  white  flakes. 

1.  The  acid  thus  obtained  is  of  a pure  white  colour, 
and  not  remarkably  heavy.  It  has  scarcely  any  taste. 
It  is  insoluble  in  water  •,  but  gives  a red  colour  to  paper 
stained  with  litmus.  "When  exposed  to  a strong  heat, 
it  does  not  melt,  but  loses  its  lustre. 

2.  Sulphuric  acid  dissolves  it,  and  Forms  a transpa- 
rent colourless  solution  : But  when  the  liquid  is  diluted 
with  water,  it  becomes  milky;  a white  precipitate  falls, 
which  becomes  lavender  blue  ; and  when  dry,  brownish 
grey.  It  is  semitransparent,  and  breaks  with  a vitreous 
fracture.  This  substance  is  a compound  of  sulphuric 
and  columbic  acids. 

3.  Nitric  acid  does  not  dissolve  this  acid  ; nor  does  it 

produce  any  change  on  its  properties, 

» 


Prepara- 

tion. 


Properties. 


ACID  SUPPORTERS, 


4.  Muriatic  acid  dissolves  it  when  assisted  by  heat. 
The  solution  does  not  become  muddy  when  diluted  with 
water.  When  evaporated  to  dryness,  it  leaves  a pale 
yellow  substance  difficultly  soluble  in  muriatic  acid. 

5.  Potass  and  soda  combine  readily  with  columbic 
aeid.  With  potass  this  acid  forms  a glittering  scaly 
salt  like  boracic  acid.  It  contains  a slight  excess  of  al- 
kali; has  an  acrid  disagreeable  flavour;  does  not  dis- 
solve readily  in  cold  water  ; but  when  dissolved,  the 
solution  is  perfect  and  permanent.  Nitric  acid  preci- 
pitates the  columbic  acid.  But  columbic  acid  is  capable 
of  expelling  carbonic  acid  from  potass*. 

The  other  properties  of  this  acid  remain  to  be 
vtstigated. 

mtsz  aassas  a = aaaaa  ..  ar.  -v  i r-r g — P 


* Hatchett,  Phil.  Tran?*  1802. 
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CLASS  III. 
COMBUSTIBLE  ACIDS. 


The  acids  belonging  to  this  class  were  Formerly  distint, 
guished  by  the  appellation  of  vegetable  and  animal  acids , 
because  almost  the  whole  of  them  are  procured  from  the 
animal  and  vegetable  kingdom.  They  differ  essentially 
from  the  other  two  classes  of  acids  in  several  particulars. 

1.  If  they  be  combined  with  potass  and  distilled,  they  Property- 
are  completely  decomposed,  charcoal  is  usually  evolved, 

and  a considerable  quantity  of  carbureted  hydrogen  gas 
extricated ; whereas  no  combustible  substance  can  be 
procured  by  exposing  the  other  acids  to  heat*. 

2.  All  of  them  contain  at  least  two  simple  combus- 
tible substances  as  abase  ; whereas  the  others  never  con- 
tain more  than  one.  These  two  substances  are  always 
carbon  and  hydrogen.  Some  of  these  acids  contain  like- 
wise a%otc>  over  and  above  these  two  simple  combus- 
tibles.1 Oxygen  also  usually  enters  into  their  composi- 
tion in  considerable  quantity,  but  not  always  ; for  some 
of  the  combustible  acids  are  destitute  of  it  altogether. 

To  them,  therefore,  the  theory  of  Lavoisier,  respecting 


* .Sulphurous  and  phosphorous  acids  excepted,  which  emit  sulphur 
and  phosphureted  hydrogen  when  exposed  to  heat.  Hence  it  is  probable 
that  these  acids  at  e composed  of  sulphuric  acid  and  sulphur,  and  phos- 
phoric acid  and  phosphureted  hydrogen,  respectively. 


no 
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the  necessity  of  oxygen  as  the  acidifying  principle,  does 
not  strictly  apply. 

3.  They  do  not  seem  capable  of  combining  with  dif- 
ferent proportions  of  oxygen.  Whenever  the  quantity 
of  oxygen  is  changed,  the  proportion  of  the  other  con- 
stituents changes  also.  Of  course  the  termination  of 
their  names  ought  not  to  indicate  the  proportion  of  ox- 
ygen which  they  contain  ; but  should,  if  possible,  be 
independent  of  that  proportion  altogether*. 

4.  They  are  decomposed  by  the  action  of  the  more 
powerful  acid  supporters,  and  converted  either  into 
other  combustible  acids ; or  each  of  their  constituents 
is  saturated  with  oxygen,  and  converted  into  oxide  and 
acid  products. 

5.  The  combustible  acids  may  be  very  conveniently 
subdivided  into  four  orders,  which  are  distinguished 
from  each  other  by  the  following  properties. 

The  acids  belonging  to  the  first  order  are  crystalli- 
zable,  and  they  may  be  volatilized  by  heat  without  un- 
dergoing decomposition. 

Those  belonging  to  the  second  order  are  likewise 
crystallizable,  but  they  cannot  be  volatilized  without  de- 
composition. 

Those  belonging  to  the  third  order  are  not  crystallizable. 


* The  French  chemists  who  formed  the  new  nomenclature  were  mis- 
led here.  They  made  some  of  the  names  of  the  combustible  acids  end 
in  ie,  as  if  they  were  saturated  with  oxygen ; and  others  in  ous,  as  if 
they  were  capable  of  combining  with  an  additional  dose.  The  fact  is, 
that  none  of  them  are,  strictly  speaking,  saturated  with  oxygen  ; for  all 
of  them  are  capable  of  combining  with  more.  But  then  they  cannot  com- 
bine with  more  without  being  totally  decomposed,  and  converted  into 
•water,  carbonic  acid,  &c.  I have  adopted  the  rule  proposed  by  Mr  Che- 
ncvix,  which  is  calculated  to  avoid  all  ambiguity ; the  names  of  all  tho 
combustible  acids  are  made  to  end  in  U,  and  diis  without  reference  to 
theory. 
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Under  the  fourth  order  are  placed  three  acids,  which,  Chap,  iv. 
from  the  singularity  of  their  properties,  ought  to  be  se- 
parated from  the  rest.  For  want  of  a better  name  we 
shall  distinguish  them  by  the  term  anomalous. 

The  following  Table  contains  the  names  and  com- 
ponent parts  of  all  the  acids  belonging  to  each  of  these 
orders,  as  far  as  they  have  been  ascertained. 


Table  of 
the  consti- 
tuent pafts- 


Order  II.  Crystallizable.  Not  volatilizable. 


1.  Oxalic 

2.  Mellitic 

3.  Tartaric 

4.  Citric 

5.  Sebacie 

6.  Saclactic 

7.  Laccic 

Carbon,  hydrogen,  oxygen. 

Order  I.  Crystallizable.  Volatilizable. 


Names. 

Constituents. 

1.  Acetic 

2.  Benzoic 

3.  Succinic 

4.  Camphoric 

Carbon,  hydrogen,  oxygen. 

Order  III.  Not  crystallizable. 


h Malic 

2.  Lactic 

3.  Suberic 


Carbon,  hydrogen,  oxygen. 


Order  IV.  Anomalous. 


1.  Gallic 

Carbon,  hydrogen,  oxygen. 

2.  Prussic 

Carbon,  hydrogen,  azote. 

3 . Sulphureted 
hydrogen 

Sulphur,  hydrogen. 
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Let  us  consider  the  proportion  of  each  of  these  acids  ia 
the  order  of  their  arrangement  in  the  Tables. 


SECT.  I. 

OF  ACETIC  ACID. 

This  acid  is  employed  in  three  different  states,  which 
have  been  distinguished  from  each  other  by  peculiar 
names.  When  first  prepared,  it  is  called  -vinegar ; 
when  purified  by  distillation,  it  assumes  the  name  of 
distilled  vinegar,  usually  called  acetous  acid  by  chemists  ; 
when  concentrated  as  much  as  possible  by  peculiar  pro- 
cesses, it  is  called  radical  vinegar , and  by  chemists  ace- 
tic acid.  It  will  be  necessary  to  describe  each  of  these 
states  separately. 

Vinegar.  I*  Vinegar  was  known  many  ages  before  the  discovery 
of  any  other  acid,  those  only  excepted  which  exist  rea- 
dy formed  in  vegetables.  It  is  mentioned  by  Moses, 
and  indeed  seems  to  have  been  in  common  use  among 
the  Israelites  and  other  eastern  nations  at  a very  early 
period.  It  is  prepared  from  wine,  from  beer,  ale,  and 
other  similar  liquids.  These  are  apt,  as  every  one 
knows,  to  turn  sour,  unless  they  be  kept  very  well  cork- 
ed. Now  sour  wine  or  beer  is  precisely  the  same  with 
vinegar. 

Boerhaave  describes  the  following  method  of  making 
vinegar,  which  is  said  to  be  still  practised  in  different 

Prepara-  , 
tiop-  places. 

Take  two  large  oaken  vats  or  hogsheads,  and  in  each 
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of  these  place  a wooden  grate  or  hurdle  at  the  distance 
of  a foot  from  the  bottom.  Set  the  vessel  upright,  and 
on  the  grate  place  a moderately  close  layer  of  green 
twigs  or  fresh  cuttings  of  the  vine.  Then  fill  up  the 
vessel  with  the  footstalks  of  grapes,  commonly  called  the 
rape,  to  the  top  of  the  vessel,  which  must  be  left  quite 
open. 

Having  thus  prepared  the  two  vessels,  pour  into  them 
the  wine  to  be  converted  into  vinegar,  so  as  to  fill  one 
of  them  quite  up,  and  the  other  but  half  full.  Leave 
them  thus  for  twenty-four  hours,  and  then  fill  up  the 
half-filled  vessel  with  liquor  from  that  which  is  quite 
full.  Four- ar.d- twenty  hours  afterwards  repeat  the 
same  operation  ; and  thus  go  on,  keeping  the  vessels  al- 
ternately full  and  half  full  duringevery  twenty- fouj  hours 
till  the  vinegar  be  made.  On  the  second  or  third  day 
there  will  arise,  in  the  half-filled  vessel,  a fermentative 
motion,  accompanied  with  a sensible  heat,  which  will 
gradually  increase  from  day  to  day.  On  the  contrary, 
the  fermenting  motion  is  almost  imperceptible  in  the 
full  vessel  •,  and  as  the  two  vessels  are  alternately  full 
and  half  full,  the  fermentation  is  by  that  means,  irksome 
measure,  interrupted,  and  is  only  renewed  every  other 
day  in  each  vessel. 

When  this  motion  appears  to  have  entirely  ceased, 
even  in  the  half  filled  vessel,  it  is  a sign  that  the  fermen- 
tation is  finished  ; and  therefore  the  vinegar  is  then  to 
be  put  into  casks  close  stopped,  and  kept  in  a cool 
place. 

All  that  is  necessary  to  convert  wine  or  beer  into 
vinegar  is  the  contact  of  the  external  air,  a temperature 
of  8o°,  and  the  presence  of  some  substance  to  act  as  a 
ferment.  But  the  theory  of  this  operation  belongs  to 
Vol.  II.  FI 
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Division1}  secoru^  Part  °f  this  Work  ; our  business  at  present  is 
*■— ■"v"—'  not  to  investigate  the  method  of  making  vinegar,  but  to 
examine  the  properties  of  acetic  acid. 

Properties.  Vinegar  is  a liquid  of  a reddish  or  yellowish  colour, 
a pleasant  sour  taste,  and  an  agreeable  odour.  Its  spe- 
c?fic  gravity  varies  from  1.0135  to  1.0251,  and  it  dif- 
fers also  in  its  other  properties  according  to  the  liquid 
from  which  it  has  been  procured.  It  is  very  subject  to 
decomposition ; but  Scheele  discovered,  that  if  it  be  made 
to  boil  for  a few  moments,  it  may  be  kept  afterwards 
for  a long  time  without  alteration.  Besides  acetic  acid 
and  water,  vinegar  contains  several  other  ingredients, 
such  as  mucilage,  tartar,  a colouring  matter,  and  often 
also  two  or  more  vegetable  acids.  When  distilled  at  a 
temperature  not  exceeding  that  of  boiling  water,  till  a- 
bout  two  thirds  of  it  have  passed  over,  all  these  impu- 
rities are  left  behind,  and  the  product  is  pure  acid  dilu- 
ted with  water. 

Acetous  a-  2.  The  acid  thus  obtained  is  a liquid  as  transparent 
and  colourless  as  water,  of  a strong  acid  taste  and  an 
agreeable  odour,  somewhat  different  from  that  of  vine- 
gar. In  this  state  it  is  usually  called  acetous  acid  or 
distilled  vinegar. 

It  may  be  preserved  without  alteration  in  close  ves- 
sels. When  exposed  to  a moderate  heat,  it  evaporates 
completely  and  without  undergoing  any  change  in  its 
properties.  When  exposed  to  the  action  of  cold,  part  of 
it  congeals.  The  frozen  portion,  which  consists  almost 
entirely  of  water,  may  be  easily  separated  ; and  by  this 
method  the  acid  may  be  obtained  in  a high  degree  of 
concentration.  The  more  concentrated  the  acid  is  the 
greater  is  the  cold  necessary  to  produce  congelation. 
Mr  Lowitz  has  ascertained  that  the  acid  itself,  how 
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much  soever  it  be  concentrated,  crystallizes  or  congeals 
at  the  temperature  of — 220. 

3.  When  acetat  of  copper,  reduced  to  powder,  is  put 
into  a retort  and  distilled,  there  comes  over  a liquid  at 
first  nearly  colourless  and  almost  insipid,  and  afterwards 
a highly  concentrated  acid.  The  distillation  is  to  be 
continued  till  the  bottom  of  the  retort  is  red  hot.  What 
remains  in  it  then  is  only  a powder  of  the  colour  of 
copper.  The  acid  product,  which  should  be  received 
in  a vessel  by  itself,  is  tinged  green  by  a little  copper 
which  passes  along  with  it ; but  when  distilled  over 
again  in  a gentle  heat,  it  is  obtained  perfectly  colourless 
and  transparent.  The  acid  thus  obtained  is  exceeding- 
ly pungent  and  concentrated.  It  was  formerly  distin- 
guished by  the  names  of  radical  vinegar , and  vinegar 
V enice.  > 

This  process  was- known  to  the  alchymists,  and  had 
often  been  repeated  by  chemical  philosophers  ; but  the 
product  was  considered  as  merely  highly  concentrated 
acetous  acid,  till  Berthollet  published  his  experiments 
on  it  in  1785  *.  That  skilful  philosopher  affirmed,  that 
it  differs  from  acetic  acid  in  taste  and  smell,  in  its  affi- 
nities for  other  bodies,  and  in  the  compounds  which  it 
forms  with  them.  When  it  is  obtained  from  acetat  of 
copper  by  distillation,  the  powder  which  remains  in  the 
retort  consists  chiefly  of  copper  in  the  metallic  state. 
Hence  he  supposed,  that  the  acetic  acid  gave  out  phlo- 
giston to  the  copper  and  received  from  it  oxygen. 
When  the  existence  of  phlogiston*  was  disproved,  thi3 
theory  was  a littie  altered.  It  was  concluded,  that  du- 
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ring  the  distillation,  the  acetic  acid  deprived  the  oxide 
of  copper  of  its  oxygen  and  combined  with  it,  and  that 
radical  vinegar  therefore  is  acetous  acid  combined  with 
a new  dose  of  oxygen.  For  this  reason  it  received  the 
name  of  acetic  acid. 

This  theory  was  generally  admitted  by  chemists,  till 
Mr  Adet  published  his  experiments  on  acetic  acid  in, 
3797  *.  He  observed,  that  when  3cetat  of  copper  is 
distilled,  the  products  are  not  only  acetic  acid  and  wa- 
ter, but  likewise  carbonic  acid  and  carbureted  hydro- 
gen gas ; and  that  the  residuum  consists  of  copper  and 
charcoal.  He  found  that  acetous  acid  did  not  absorb 
oxygen  when  distilled  off  black  oxide  of  manganese, 
and  that  acetic  and  acetous  acids  have  exactly  the  same 
effect  upon  metals.  From  these  and  some  other  similar 
experiments,  he  concluded  that  acetic  and  acetous  acids 
do  not  differ  from  each  other  except  in  concentration. 

This  conclusion  was  considered  as  hasty,  as  he  did 
not  attempt  to  account  for  the  very  striking  difference 
in  the  taste  and  smell  of  these  acids,  and  as  he  had  nei- 
ther repeated  nor  refuted  the  experiments  of  Berthollet, 
on  which  the  opinion  of  the  difference  between  these 
two  acids  was  founded.  The  conclusion  of  Adet  was 
opposed  in  1798  by  Chaptal,  who  published  a set  of  ex- 
periments on  the  same  subject  f.  This  philosopher 
endeavoured  to  demonstrate,  as  Berthollet  had  done  be- 
fore him,  that  acetic  and  acetous  acids,  even  when  of 
the  same  strength,  possess  different  properties,  and  have 
different  effects  on  other  bodies.  From  the  effect  of 
sulphuric  acid  upon  each,  and  from  the  quantity  of 
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charcoal  which  remains  in  the  retort  when  equal  quan- 
tities of  each  saturated  with  potass  are  distilled,  he  con- 
cluded that  acetous  acid  contains  a smaller  proportion 
of  carbon  than  acetic  acid.  And  this  he  considered  as 
the  cause  of  the  difference  in  their  properties. 

In  1800  a new  set  of  experiments  on  the  same  sub- 
ject was  published  by  Mr  Dabit  of  Nantes  *.  This 
chemist  endeavoured  to  prove  that  acetic  acid  contains 
a greater  proportion  of  oxygen  than  acetous.  "When 
he  distilled  a mixture  of  acetat  of  potass  and  sulphuric 
acid,  the  product  was  acetic  acid  ; but  when  he  substi- 
tuted muriatic  acid  for  sulphuric,  he  obtained  acetous 
acid  ; but  when  to  this  last  mixture  a little  black  oxide 
of  manganese  was  added,  he  assures  us  that  he  obtain- 
ed acetic  acid.  And  in  none  cf  these  cases  was  there 
any  carbonic  acid  emitted  till  towards  the  end  of  the 
distillation. 

The  experiments  of  Darracq  have  at  last  finally  set- 
tled this  dispute,  by  demonstrating  that  acetous  and  a- 
cetic  acids  differ  merely  in  concentration.  This  able 
chemist  repeated  the  experiments  of  Adet,  which  he 
found  perfectly  accurate,  and  performed  several  new 
ones ; all  of  which  left  no  doubt  that  acetous'  and  acetic 
acids  contain  precisely  the  same  proportion  of  oxygen.  He 
next  tried  the  opinion  of  Chaptal  respecting  the  propor- 
tion of  carbon  in  each.  When  equal  quantities  of  ace- 
tic and  acetous  acids  are  combined  with  potass  or  so- 
da, the  dry  salts  distilled  leave  the  same  quantity  of 
charcoal,  and  yield  the  same  quantity  of  other  products. 
When  reduced  to  the  same  specific  gravity,  the  two 
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acids  form  precisely  the  same  salts  with  all  alkaline  and 
earthy  bases.  Finally,  acetous  acid  gradually  becomes 
acetic  acid  when  distilled  repeatedly  off  dry  muriat  of 
lime  ; and  in  this  case  no  gaseous  body  whatever  is  e- 
volved.  From  these  facts,  it  is  impossible  to  entertain 
a doubt  that  the  two  substances  are  essentially  the 
same,  and  that  these  apparent  differences  are  owing  to 
the  great  quantity  of  water  with  which  acetous  acid  is 
diluted,  and  the  mucilaginous  matter  which  it  still 
retains  *. 

The  same  results  were  obtained  also  by  Proust,  who 
had  drawn  the  same  conclusions  before  he  became  ac- 
quainted with  Darracq’s  paper  f.  Henceforth  the  term 
acetous  acid  must  either  be  wholly  dropt  by  chemists, 
or  employed  in  a sense  different  from  what  was  former- 
ly affixed  to  it. 

4.  This  acid  is  transparent  and  colourless  like  water. 
It  has  a peculiar  aromatic  smell  when  in  the  state  of 
acetous  acid  ; but  concentrated  acetic  acid,  when  pro- 
cured in  the  usual  way,  has  an  empyreumatic  odour, 
mixed  with  the  natural  smell  of  vinegar,  owing  to  a 
small  portion  of  oil  formed  during  the  process. 

A much  easier  method  of  obtaining  acetic  acid  than 
that  commonly  used  has  been  lately  pointed  out  by  Mr 
Badollier  apothecary  at  Chartres.  All  that  is  necessary 
is  to  distil  a mixture  of  equal  parts  of  acetat  of  lead 
and  sulphat  of  copper  in  a glass  retort.  The  acid  comes 
over  perfectly  pure  on  the  application  of  a moderate 
heat 
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The  specific  gravity  of  distilled  vinegar  varies  from 
r. 007  to  1.0095  ; but  radical  vinegar  is  much  more 
concentrated.  In  that  state  it  is  extremely  pungent 
and  acrid  ; and  when  it  is  applied  to  the  skin,  it  red- 
dens and  corrodes  it  in  a very  short  time.  It  is  exceed- 
ingly volatile ; and  when  heated  in  the  open  air,  takes 
fire  so  readily,  that  one  would  be  tempted  to  suspect 
the  presence  of  ether  in  it.  It  unites  with  water  in 
■any  proportion  ; and  when  concentrated  the  mixture 
evolves  a good  deal  of  heat. 

5.  Courtenvaux  had  long  ago  observed,  that  the  last 
portions  of  acetic  acid,  which  come  over  during  the 
distillation,  were  susceptible  of  crystallizing  in  a mo- 
derate cold.  Lowitz  has  employed  a very  ingenious 
method  to  obtain  this  acid  in  the  state  of  crystals.  He 
makes  distilled  vinegar  into  a paste  with  well-burnt 

charcoal,  and  exposes  the  mixture  to  a heat  not  a,bove 

* 

2120.  The  watery  part  is  driven  off,  and  the  acid  re- 
mains. A stronger  heat  drives  off  the  acid  itself  in  a 
very  concentrated  state.  By  repeating  this  process  it 
may  be  obtained  in  crystals. 

6.  Neither  oxygen  gas  nor  air  have  any  very  marked 
action  on  this  acid : nor  do  the  simple  combustibles  or 
incombustibles  alter  it  at  the  common  temperature  of 
the  atmosphere. 

7.  It  is  capable  of  oxidizing  iron,  zinc,  lead,  copper, 
nickel,  tin.  It  does  not  act  upon  gold,  silver,  platinum, 
mercury,  bismuth,  cobalt,  antimony,  arsenic.  Its  action 
on  tellurium,  tungsten,  molybdenum,  uranium,  titani- 
um, and  chromium,  has  not  been  tried. 

8.  It  combines  with  alkalies,  earths,  and  metallic  ox- 
ides, and  forms  compounds  known  by  the  name  of 
acetals. 

H4 
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9*  Its  affinities  are  as  follows : 

Barytes, 

Potass, 

Soda, 

Strontian, 

Lime, 

Ammonia, 

Magnesia, 

Metallic  oxides, 

Glucina, 

Alumina, 

Zirconia. 

J ' 

to.  It  is  decomposed  by  sulphuric  and  nitric  acids. 
The  action  of  the  other  acids  on  it  has  scarcely  been 
examined.  It  dissolves  boracic  acid,  and  absorbs  car- 
bonic acid. 

11.  It  has  the  property  of  combining  with  a great 
number  of  vegetable  bodies,  such  as  oils,  mucilage,  and 
aromatics. 

12.  When  nitric  acid  is  made  to  act  on  this  acid,  it 
converts  it  into  water  and  carbonic  acid.  When  acetic 
acid,  combined  with  a fixed  alkali  or  earth,  is  exposed 
to  a strong  heat,  it  is  almost  completely  decomposed ; 
water,  carbonic  acid,  and  carbureted  hyrogen  gas,  are 
emitted,  and  the  base  remains  mixed  with  a quantity 
of  charcoal.  From  these  facts  it  follows  that  it  is  com- 
posed of  carbon,  hydrogen,  and  oxygen,  into  which  all 
these  products  may  be  ultimately  resolved.  But  the 
proportion  of  these  ingredients  has  not  been  ascertained 
with  precision. 

By  distilling  7680  grains  of  acetat  of  potass.  Dr  Hig- 
gens  obtained  the  following  products*: 
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Potass 3862.994  grains.  ,chaP'  1V\ 

Carbonic  acid  gas 1 4 73 -5 ^4 

Carbureted  hydrogen  gas  . . . 1047.6018 

Residuum,  consisting  of  charcoal  78.0000 

Oil 180.0000 

Water 340.0000 

Deficiency* 726.9402 


This  deficiency  Dr  Higgens  found  to  be  owing  to  a 
quantity  of  water  and  oil  which  is  carried  off  by  the 
elastic  fluids,  and  afterwards  deposited  by  them.  He 
calculated  it,  in  the  present  case,  at  700  grains  of  wa- 
ter and  26.9402  grains  of  oil.  Now  since  acetat  of 
potass  is  composed  of  acetic  acid  and  potass,  and  since 
the  whole  of  the  potass  remained  unaltered,  it  follows, 
that  the  acid  was  converted  into  carbonic  acid  gas,  car- 
bureted hydrogen  gas,  carbon,  oil,  and  water  ; all  of 
which  are  composed  of  oxygen,  hydrogen,  and  carbon. 

Now  1473.564  grains  of  carbonic  acid  gas  are  com- 
posed of  1060.966  grains  of  oxygen,  and  415.598  grains 
of  carbon. 

1047  6018  grains  of  carbureted  hydrogen  gas,  from 
a comparison  of  the  experiments  of  Dr  Higgens  and  La- 
voisier, may  be  supposed  to  consist  of  about  714.6008 
grains  of  carbon  and  333.0010  of  hydrogen. 

200.9402  grains  of  oil  contain  163.4828  grains  of 
caibon  and  43.4574  grains  of  hydrogen. 

1040  grains  of  water  contain  884  grains  of  oxygen 
and  156  grains  of  hydrogen. 


* For  29.1  grains  of  oxygen  gas  had  also  disappeared  from  the  air  of 
the  vessels,  * 
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Therefore  3817.006  grains  of  acetic  acid  are  com* 
posed  of  1944.966 — 29.1  = 1915.866  grains  of  oxy- 
gen, 532.4584  grains  of  hydrogen,  and  1368.6816 
grains  of  carbon.  Consequently  100  parts  of  acetic 
acid  are  composed  of 

50  r 9 oxygen 
13.94  hydrogen 
35.87  carbon  « 


100.00 


These  numbers  can  only  be  considered  as  very  imper. 
feet  approximations  to  the  truth  ; for  the  object  of  Dr 
Higgens  was  not  to  ascertain  the  proportions  of  the  in- 
gredients which  compose  acetic  acid  ; and  therefore  his 
experiments  were  not  conducted  with  that  rigid  accuracy 
which  ■would  have  been  necessary  for  that  purpose.  Mr 
Proust  has  rendered  it  probable  that  azote  likewise  is  a 
component  part  of  acetic  acid ; an  opinion  which  had 
Ipeen  entertained  by  Lavoisier. 


SECT.  II. 


OF  BENZOIC  ACID. 


History. 


Benzoin,  or  Benjamin  as  it  is  sometimes  called,  is  a 
kind  of  resin  brought  from  the  East  Indies ; obtained, 
according  to  Dr  Dryander,  from  the  styrax  benzoe,  a 
tree  which  grows  in  the  island  of  Sumatra.  This  sub- 
stance consists  partly  of  a peculiar  acid,  described  as 
long  ago  as  1608  by  Blaise  de  Vigenere,  in  his  Trea- 
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t'.se  on  Fire  and  Salt,  under  the  name  of  flowers  of  ben- 
zoin, because  it  was  obtained  by  sublimation  ; but  it  is 
now  denominated  benzoic  acid. 

I.  The  usual  method  of  obtaining  this  acid  is  to  put 
a quantity  of  benzoin,  coarsely  powdered,  into  an  earth- 
en pot,  to  cover  the  mouth  of  the  pot  with  a cone  of 
thick  paper,  and  then  to  apply  a very  moderate  sand 
heat.  The  benzoic  acid  is  sublimed,  and  attaches  itself 
to  the  paper.  But  Scheele  has  published  a different 
process,  which  is  far  preferable  *.  This  process  is  as 
follows  : Upon  four  parts  of  unslaked  lime  pour  twelve 
parts  of  water,  and  after  the  ebullition  is  over  add  96 
parts  more  of  water;  then  put  12  part?  of  finely  pound- 
ed benzoin  into  a tinned  pan  *,  pour  upon  it  first  about  6 
parts  of  the  above  milk  of  lime,  mix  them  well  toge- 
ther, and  thus  successively  add  the  rest  of  the  mixture 
of  lime  and  water.  If  it  be  poured  in  all  at  once,  the 
benzoin,  instead  of  mixing  with  it,  will  coagulate,  and 
run  together  into  a mass.  This  mixture  ought  to  be 
boiled  over  a gentle  fire  for  half  an  hour  with  constant 
agitation  ; then  take  it  from  the  fire,  let  it  stand  quiet 
for  an  hour,  in  order  that  it  may  settle  ; pour  off  the 
supernatant  limpid  liquor  into  a glass  vessel.  Upon  the 
remainder  in  the  pan  pour  96  parts  of  pure  water ; 
boil  them  together  for  half  an  hour,  then  take  it  from 
the  fire,  and  let  it  settle  ; add  the  supernatant  liquor  to 
the  former;  pour  upon  the  residuum  some  more  water, 
boil  it  as  aforesaid,  and  repeat  the  same  process  once 
more.  At  last  put  all  the  residuums  upon  a filter,  and 
pour  hot  water  several  times  upon  it.  During  this 
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this  substance.  A small  quantity  of  the  resin  is  dis- 
solved by  the  lime-water,  whence  it  acquires  a yellow 
colour.  All  these  clear  yellow  leys  and  decoctions  are 
to  be  mixed  together,  and  boiled  down  to  24  parts,  which 
are  then  to  be  strained  into  another  glass  vessel. 

After  they  are  grown  cold,  muriatic  acid  is  to  be  add- 
ed, with  constant  stirring,  till  there  be  no  further  pre- 
cipitation, or  till  the  mass  tastes  a little  sourish.  The 
benzoic  acid,  which  was  before  held  in  solution  by  the 
lime,  precipitates  in  the  form  of  a line  powder. 

2.  Benzoic  acid,  thus  obtained,  is  a fine  light  whitish 
powder,  which  is  not  brittle,  but  has  rather  a kind  of 
ductility.  Its  taste  is  acrid,  hot,  and  somewhat  bitter. 
Its  odour  is  slight,  but  peculiar  and  aromatic  *.  Its 
specific  gravity  is  0.667!-.  It  hardly  affects  the  infu- 
sion of  violets,  but  it  reddens  that  of  thrnsole,  especially 
when  hot  J. 

Heat  volatilize?  this  acid,  and  makes  it  give  out  a 
strong  odour,  which  excites  coughing.  When  exposed 
to  the  heat  of  the  blow-pipe  in  a silver  spoon,  it  melts, 
becomes  as  fluid  as  water,  and  evaporates  without  ta- 
king fire.  It  only  burns  when  in  contact  with  flame, 
and  then  it  leaves  no  residuum  behind.  When  thrown 

r * 

upon  burning  coals,  it  rises  in  a white  smoke.  When 
allowed  to  cool  after  being  melted,  it  hardens,  andara- 

* This  odour  is  owing  to  a small  por-ion  of  aromatic  oil  which  ad- 

hcrcs  to  the  acid.  It  has  been  obtained  without  any  smell  by  Giese. 
See  Phil-  Mag.  xiv.  331. 

f Hassenfratz,  Ann.  de  Chim.  xxviii.  ir. 

| Morvcau,  Encyc.  Method.  Chim.  i.  44. 
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diated  crust  forms  on  its  surface*.  When  distilled  in  Chap. iv, 
close  vessels,  the  greater  part  of  it  sublimes  unaltered, 
but  some  of  it  is  decomposed.  This  portion  is  con- 
verted almost  entirely  into  oil  and  carbureted  hydrogen 
gas. 

3.  This  acid  is  not  altered  by  exposure  to  the  air. 

Cold  water  dissolves  no  sensible  qua;  tity  ol  it  ; but  it 
is  soluble  enough  in  hot  water  : 480  grains  of  boiling 
water  dissolve  20  grains  of  it  ; 19  of  these  are  depo- 
sited, when  the  water  cools,  in  lung,  slender,  flat,  fea- 
ther-like crystals  f. 

4.  It  is  not  affected  by  oxygen  gas,  nof  by  any  of  the  Action  of 
simple  combustibles  or  incombustibles.  It  does  not  ^Ple 
seem  capable  of  oxidizing  any  of  the  metals 

5 It  combines  with  alkalies,  earths,  and  metallic  ox- 
ides, and  forms  sales  known  by  the  name  of  benzoats. 

6.  Concentrated  sulphuric  acid  dissolves  it  without 
heat,  or  any  other  change,  except  becoming  somewhat 
brown  : when  water  is  poured  into  the  solution,  the  ben- 
zoic acid  separates  and  coagulates  on  the  surface  with- 
out any  alteration  §.  Nitric  acid  presents  precisely  the 
same  phenomena,  and  also  the  sulphurous  and  nitrous 
acids.  Neither  the  muriatic,  the  oxymuriatic,  nor  the 
phosphoric  acids  dissolve  it.  Acetic  acid,  when  hot. 
dissolves  it  precisely  as  water  does  ; but  it  crystallizes 
again  when  the  acid  cools  |J. 

7.  Alcohol  dissolves  it  copiously,  and  lets  it  fall  on 
the  addition  of  water  ^f. 


* Lichtenstein, 
§ Lichtenstein. 


fid. 

H Id. 


} Trommsdorf. 
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8.  Its- affinities,  from  the  experiments  of  Tforarils* 
dorf,  appear  to  be  as  follows  : 


Affinities.  White  oxide  of  arsenic, 

Potass, 

Soda, 

Ammonia, 

Barytes, 

Lime, 

Magnesia, 

Alumina. 

This  acid  is  sometimes  used  as  a medicine,  but  much, 
less  frequently  than  formerly. 


SECT.  III. 

OF  SUCCINIC  ACID. 


History.  Amber  is  a well-known  brown,  transparent,  inflam- 
mable body,  pretty  hard,  and  susceptible  of  polish,  found 
at  some  depth  in  the  earth,  and  on  the  sea-coast  of  se- 
veral countries.  It  was  in  high  estimation  among  the 

ancients  both  as  an  ornament  and  a medicine When 

this  substance  is  distilled,  a volatile  salt  is  obtained, 
which  is  mentioned  by  Agricola  under  the  name  of  salt 
of  amber ; but  its  nature  was  long  unknovra.  Boyle 
was  the  first  who  discovered  that  it  was  an  acid  *.  From 


Boyle  abridged  by  Shaw,  iii.  369. 
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succinum,  the  Latin  name  of  amber,  this  acid  has  recei- 
ved the  appellation  of  succinic  acid . 

i.  It  is  obtained  by  the  following  process  : Fill  a re* 
tort  half  way  with  powdered  amber,  and  cover  the  pow- 
der with  a quantity  of  dry  sand ; lute  on  a receiver, 
and  distil  in  a sand-bath  without  employing  too  much 
heat.  There  passes  over  first  an  insipid  phlegm  ; then 
a weak,  acid,  which,  according  to  Scheele,  is  the  acetic  ; 
then  the  succinic  acid  attaches  itself  to  the  neck  of  the 
retort;  and  if  the  distillation  be  continued,  there  cornea 
over  at  last  a thick  brown  oil,  which  has  an  acid  taste. 

The  succinic  acid  is  at  first  mixed  with  a quantity  of 
oil.  It  may  be  made  tolerably  pure  by  dissolving  it  in- 
hot  water,  and  putting  upon  the  filter  a little  cotton, 
previously  moistened  with  oil  of  amber:  this  substance 
retains  most  of  the  oil,  and  allows  the  solution  to  pass 
clear.  The  acid  is  then  to  be  crystallized  by  a gentle 
evaporation ; and  this  process  is  to  be  repeated  till  the 
acid  be  sufficiently  pure.  Guyton  Morveau  has  disco- 
vered that  it  may  be  made  quite  pure  by  distilling  off  it 
a sufficient  quantity  of  nitric  acid,  taking  care  not  to 
employ  a heat  strong  enough  to  sublime  the  succinic 
acidf. 

2.  The  crystals  of  succinic  acid  are  transparent,  white, 
shining,  and  of  a foliated  triangular,  prismatic  form  : 
they  have  an  acid  taste,  but  are  not  corrosive  : they 
redden  tincture  of  turnsole,  but  have  little  effect  on  that 


Chap.  IV. 


Preparai 

tioa. 


Propertied 

\ 


of  violets. 

They  sublime  when  exposed  to  a considerable  heat, 
but  not  at  the  heat  of  a water-bath.  In  a sand-bath  they 


* Bergman’s  Notes  on  Scheffer. 


f Ann.  de  CLim.  xxix.  165. 
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melt,  and  then  sublime  and  condense  in  the  upper  part 
of  the  vessel ; but  the  coal  which  remains  shews  that 
they  are  partly  decomposed*. 

3.  One  part  of  this  acid  dissolves  in  96  parts  of  Wa- 
ter at  the  temperature  of  50°,  according  to  Spielmanf; 
in  24  parts  at  the  temperature  of  5 20  ; and  in  2 parts 
of  water  at  the  temperature  of  212°,  according  to  Stock- 
ar  de  Neuforn  % ; but  the  greatest  part  crystallizes  as 
the  water  cools.  According  to  Roux,  however,  it  still 
retains  more  of  the  acid  than  cold  water  is  capable  of.: 
dissolving  $. 

Two  hundred  and  forty  grains  of  boiling  alcohol  dis- 
solve 177  of  this  acid  j but  crystals  again  shoot  as  the 
solution  cools  j| . 

4 The  compounds  which  this  acid  forms  with  alka- 
lies, acids,  and  metallic  oxides,  have  received  the  name 
of  succinats.  Scarcely  any  of  them  have  been  examined 
with  attention. 

5.  When  combined  with  soda,  it  crystallizes  in  four 
and  six-sided  prisms.  When  this  salt  is  distilled  in  a re- 
tort, the  succinic  acid  is  completely  decomposed.  There 
passes  over  into  the  receiver  an  acid  liquor,  which  is  the 
acetic  much  diluted,  and  a quantity  of  brown  oil.  At 
the  same  time  carbonic  acid  gas,  and  carbureted  hydro- 
gen gas,  are  disengaged,  and  there  remains  in  the  retort 
soda  and  charcoal  Hence  it  follows  that  this  acid, 
like  the  others  of  the  same  class,  is  decomposed  by 
heat,  and  that  it  is  composed  of  oxygen,  hydrogen,  and 
carbon. 


* Pott. 

} De  Succino. 
|;  Wenzel. 


t Jnst.  Cbem.  { xii. 

\ Morveau,  Fncyc  Method,  dim.  i.  73. 
Morveau,  Ann.  de  Lbint.  xxix.  165. 
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6.  The  affinities  of  succinic  acid,  according  to  Mor-  Chap.  IV._ 
veaiij  are  aS  follows  : 

Barytes, 

Lime, 

Potass, 

Soda, 

Ammonia, 

Magnesia, 

Alumina, 

Metallic  oxides. 


SECT.  IV. 

OF  CAMPHORIC  ACID. 

Camphor  is  a Well-known  white  crystalline  substance,  Histo^j-. 
of  a strong  taste  and  Smell,  obtained  from  a species  of 
laurel  in  the  East  Indies.  It  is  so  volatile  that  it  can- 
not be  melted  in  open  vessels,  and  so  inflammable  that 
it  burns  even  on  the  surface  of  Water. 

When  camphor  is  set  on  fire  in  contact  with  oxygen 
gas,  it  burns  with  a very  brilliant  flame ; much  caloric 
is  disengaged,  water  is  formed,  the  inner  surface  of  the 
vessel  is  covered  with  a black  matter,  which  is  undoubt- 
edly charcoal,  and  a quantity  of  carbonic  acid  gas  is  al- 
so produced  *.  Hence  it  follows,  that  it  is  composed  of 
hydrogen  and  carbon,  at  least  principally. 


* Bouillon  La  Grange,  Ann.  dt  Cbim.  xxiii.  133, 
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Mr  Kosegarten,  by  distilling  nitric  acid  off  camphor 
eight  times  successively,  obtained  an  acid  in  crystals  *, 
to  which  the  name  of  camphoric  acid  has  been  given. 

1.  His  experiments  have  been  repeated  by  Mr  Bouil- 
lon La  Grange.  The  process  for  obtaining  camphoric 
acid,  as  described  by  this  chemist,  is  as  follows  : Put 
into  a retort  one  part  of  camphor  and  eight  parts  of  ni- 
tric acid,  of  the  specific  gravity  1.33.  Distil  with  a 
sand  heat.  A great  deal  of  nitrous  gas  and  carbonic 
acid  gas  is  emitted,  and  a little  camphor  sublimes.  This 
process  must  be  repeated  three  times  on  the  same  cam- 
phor ; so  that  24  parts  in  all  of  nitric  acid  are  neces- 
sary.  After  the  third  distillation,  when  the  retort  is 
allowed  to  cool,  a number  of  crystals  make  their  appear- 
ance in  it.  These  are  camphoric  acid.  They  amount 
to  somewhat  less  than  the  half  of  the  camphor  em- 
ployed. 

2.  Camphoric  acid  thus  obtained  is  in  snow-white 
crystals,  of  the  form  of  parallelopipedons  f . These 
crystals  effloresce  in  the  air  J. 

Camphoric  acid  has  a slightly  acid  bitter  taste,  and  a 
smell  like  that  of  saffron. 

It  reddens  vegetable  colours. 

3.  Tt  is  soluble  in  200  parts  of  cold  water,  according 
to  Kosegnrten ; in  96  parts  of  water  at  the  temperature 
of.  6o°,  according  to  Bouillon  La  Grange.  Boiling  wa- 
ter dissolves  T'Tth  of  its  weight  §. 

According  to  Kosegarten,  it  is  insoluble  in  alcohol ; 
according  to  Bouillon  La  Grange,  alcohol  dissolves  it ; 


* Kosegarten  de  Camphoro,  <Scc.  1785. 
{ La  Grange. 


fid. 

§ Kosegarten. 
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and  when  the  solution  is  left  in  contact  with  the  air  of 
the  atmosphere,  the  acid  crystallizes.  It  is  not  preci- 
pitated from  its  solution  in  alcohol  by  the  addition  of 
water  *. 

4.  When  this  acid  is  placed  on  ignited  coals,  it  emits 
a dense  aromatic  fume,  and  is  entirely  dissipated.  By 
a gentler  heat,  it  melts,  and  is  sublimed.  If  it  be  put 
into  a heated  porcelain  tube,  and  oxygen  gas  be  passed 
through  it,  the  acid  does  not  undergo  any  change,  but 
is  sublimed. 

By  mere  distillation,  it  first  melts  and  then  sublimes; 
by  which  process  its  properties  are  in  some  respect 
changed.  It  no  longer  reddens  the  tincture  of  turn- 
sole, but  acquires  a strong  aromatic  smell ; its  taste 
becomes  less  penetrating,  and  it  is  no  longer  soluble  ei- 
ther in  water  or  the  sulphuric  and  muriatic  acids. 
Heated  nitric  acid  turns  it  yellow  and  dissolves  it.  Al- 
cohol likewise  dissolves  it ; and  if  this  solution  be  left 
in  contact  with  the  air  of  the  atmosphere,  it  crystal- 
lizes. 

•5.  Camphoric  acid  does  not  produce  any  change  on 
sulphur  ; alcohol  and  the  mineral  acids  totally  dissolve 
it ; and  so  likewise  do  the  volatile  and  the  fat  oils. 

Camphoric  acid  does  not  precipitate  lime  from  lime- 
water.  It  produces  no  change  on  the  solution  of  indi- 
go in  sulphuric  acid. 

6.  It  forms  combinations  with  the  alkalies,  earths,  and 
metallic  oxides,  which  are  called  camphorats. 

7.  Its  affinities,  as  far  as  ascertained  by  Bouillon  La 
Grange,  are  as  follows  f ; 
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* Bouillon  La  Grange,  Ann.  de  Ch\m,  xxvii.  40. 
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Lime, 

Potass, 

Soda, 

Barytes, 

Ammonia, 

Alumina, 

Magnesia. 


SECT.  V. 

OF  OXALIC  ACID.  , 

w BEN  nitric  acid  is  poured  upon  sugar,  and  a mode- 
rate heat  applied,  the  sugar  scon  melts,  an  effervescence 
ensues,  a great  quantity  of  nitrous  gas  and  carbonic  acid 
gas  is  emitted  ; and  when'  the  effervescence  ceases,  and 
the  liquid  in  the  retort  is  allowed  to  cool,  a number  of 
small  transparent  crystals  appear  in  it.  These  crystals 
constitute  a peculiar  acid,  which  has  received  the  name 
of  oxalic  acid , because  it  exists  ready  formed,  as  Scheele 
has  proved,  in  the  oxalis  acetosella , or  wood  sorrel.  At 
hist,  however,  it  was  called  the  acid  of  sugar , or  the 
saccharine  acid. 

As  the  earliest  and  best  account  of  the  oxalic  acid  was 
published  by  Bergman,  he  was  for  a long  time  reckon- 
ed the  discoverer  of  it  but  Mr  Ehrhart,  one  of  Scheele’s 
intimate  friends,  informs  us,  that  the  world  is  indebted 
for  its  knowledge  of  this  acid  to  that  illustrious  che- 
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and  Hermstadt  and  Westrum  assign  the  disco-  Chap.  rv. 
very  to  the  same  author  f.  The  assertions  of  these 
gentlemen,  who  had  the  best  opportunity  of  obtaining 
accurate  information,  are  certainly  sufficient  to  establish 
the  fact,  that  Scheele  was  the  real  discoverer  of  oxalic 
acid.  i 

i . Bergman  gives  us  the  following  process  for  ob-  Prepaca- 
taining  this  acid.  ‘ Put  one  ounce  of  white  sugar  pow- 
dered into  a tubulated  retort,  with  three  ounces  of 
strong  nitric  acid,  the  specific  gravity  of  w’hich  is  to 
that  of  water  as  1.767.  When  the  solution  is  oyer,  du- 
ring which  many  fumes  of  the  nitrous  acid  escape,  let 
ft  receiver  be  fitted,  and  the  liquor  made  to  boil,  by 
which  abundance  of  nitrous  gas  is  expelled.  When  the 
liquor  in  the  retort  acquires  a reddish-brown  colour, 
add  three  ounces  ihore  of  nitric  acid,  and  continue  the 
boiling  till  the  fumes  cease,  and  the  colour  of  the  liquor 
vanishes.  Then  let  the  contents  of  the  retort  be  emp- 
tied into  a wide  vessel  ; and,  upon  cooling,  a crystalli- 
zation will  take  place  of  slender,  quadrilateral  prisms, 
which  are  often  affixed  to  each  other  at  an  angle  of 
450.  These  crystals,  collected  and  dried  on^blotting 
paper,  will  be  found  to  weigh  1^  dr.  19  gr.  By  boil- 
ing the  remaining  lixivium  with  two  ounces  of  nitric 
acid  in  the  retort  till  the  red  fumes  almost  disappear, 
and  by  repeating  the  crystallization  as  before,  i dr.  13 
gr.  of  solid  acid  will  be  obtained.  If  the  process  be  re- 
peated once  more  upon  the  residuum,  which  has  now  a 
glutinous  consistence,  with  the  successive  additions  of 


* Elwert’i  Magazine  for  /1/ollecariej,  1785,  part  i.  p.  '4 
f Kcir’e  Dictionary. 
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small  quantities  of  nitric  acid,  amounting  in  all  to  twq 
ounces,  a saline  brown  deliquescent  mass  will  be  form- 
ed, weighing  half  a dram,  of  which  about  a half  will  be 
lost  by  a farther  purification.  The  crystals  obtained 
thus  at  different  times  may  be  purified  by  solution  and 
crystallization,  and  by  digesting  the  last  lixivium  with 
some  nitric  acid,  and  evaporation  with  the  heat  of  the 
sun.” 

By  the  same  process  Bergman  obtained  it  from  gum 
arabic,  alcohol,  and  honey : Scheele,  Hermstadt,  Wes- 
trum,  Hoffman,  &.c.  from  a great  variety  of  other  ve- 
getable productions  ; and  Berthollet  from  a great  num- 
ber of  animal  substances. 

It  is  of  great  consequence  not  to  use  too  much  nitric 
acid,  otherwise  the  quantity  of  oxalic  acid  will  be  dimi- 
nished ; and  if  a very  great  quantity  of  nitric  acid  be 
used,  no  oxalic  acid  will  be  obtained  at  all  *.  On  the 
contrary,  Hermstadt  affirms,  that  if  too  small  a quanti- 
ty of  nitric  acid  be  used,  the  acid  obtained  will  not  be 
the  oxalic,  but  the  tartaric.  But  I have  not  found 
this  confirmed  upon  trying  the  experiment. 

2.  Oxalic  acid,  thus  prepared,  is  in  the  form  of  four- 
sided prisms,  whose  sides  are  alternately  larger,  and 
they  are  terminated  at  the  extremities  by  two-sided 
summits.  They  are  transparent,  and  of  a fine  white 
colour,  with  considerable  lustre:  they  have  a very  acid 
taste,  and  redden  vegetable  blues. 

3.  When  this  crystallized  acid  is  exposed  to  heat  in 
an  open  vessel,  there  arises  a smoke  from  it,  which  af- 
fects disagreeably  the  nose  and  Jungs.  The  residuum 


* Bergman. 
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is  a powder  of  a much  whiter  colour  than  the  acid  had 
been.  By  this  process  it  losa6  -^ths  of  its  weight,  but 
soon  recovers  them  again  on  exposure  to  the  air.  When 
distilled,  it  first  loses  its  water  of  crystallization,  then  li- 
quefies and  becomes  brown  ; a little  phlegm  passes  over, 
a white  saline  crust  sublimes,  some  of  which  passes 
into  the  receiver ; but  the  greatest  part  of  the  acid  is 
destroyed,  leaving  in  the  retort  a mass  -^th  of  the 
whole,  which  has  an  empyreumatic  smell,  blackens  sul- 
phuric acid,  renders  nitric  acid  yellow,  and  dissolves  in 
muriatic  acid  without  alteration.  That  part  of  the  acid 
which  sublimes  is  unaltered.  When  thi.s  acid  is  distil- 
led a second  time,  it  gives  out  a white  smoke,  which, 
condensing  in  the  receiver,  produces  a colourless  un- 
crystallizable  acid,  and  a dark  coloured  matter  remains 
behind  *.  During  all  this  distillation  a vast  quantity  of 
elastic  vapour  makes  its  escape.  From  279  grains  of 
oxalic  acid,  Bergman  obtained  109  cubic  inches  of  gas, 
half  of  which  was  carbonic  acid,  and  half  carbureted 
hydrogen.  Fontana  from  an  ounce  of  it  obtained  430 
cubic  inches  of  gas,  one-third  of  which  was  carbonic 
acid,  the  rest  carbureted  hydrogen.  From  these  facts, 
it  is  evident  that  oxalic  acid  is  composed  of 'oxygen,  hy- 
drogen, and  carbon.  t 

4.  The  crystals  of  oxalic  acid  are  soluble  in  their  own 
weight  of  boiling  water  : water  at  the  temperature  of 
65. 70  dissolves  half  its  weight  of  them.  The  specific 
gravity  of  the  solution  is  1.0593'f . One  hundred  parts 
of  boiling  alcohol  dissolve  56  parts  of  these  crystals; 
but  at  at  a mean  temperature  only  40  parts Liquid 
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DivIsLn^I  0xa^c  ac^  has  a very  acrid  taste  when  it  is  concentra- 
W— y— ->  ted,  but  a very  agreeable  acid  taste  when  sufficiently  di- 
luted with  water*. 

It  changes  all  vegetable  blues  except  indigo  to  a red- 
One  grain  of  crystallized  acid,  dissolved  in  1920  grains 
of  water,  reddens  the  blue  paper  with  which  sugar 
loaves  are  wrapt : one  grain  of  it,  dissolved  in  3600 
grains  of  water,  reddens  paper  stained  with  turnsolef. 
According  to  Morveau,  one  part  of  the  crystallized  acid 
is  sufficient  to  communicate  a sensible  acidity  to  2633 
parts  of  water 

Its  fixity  is  such,  that  none  of  it  is  sublimed  when 
■tfater  containing  it  in  solution  is  raised  to  the  boiling 
temperature. 

Of  simple  5-  Oxalic  acid  is  not  affected  by  exposure  to  the  air, 
bodies.  or  tQ  tiie  actjon  0f  oxygen  gas.  The  effect  of  the 
simple  combustibles  on  is  has  not  been  tried. 

It  is  capable  of  oxidizing  lead,  copper,  iron,  tin,  bis- 
muth, nickel,  cobalt,  zinc,  manganese. 

It  does  not  act  upon  gold,  silver,  platinum,  mercury. 

6.  Oxalic  acid  combines  with  alkalies,  earths,  and 
metallic  oxides,  and  forms  salts  known  by  the  name  of 
oxalats. 

7.  Muriatic  and  acetic  acids  dissolve  oxalic  acid,  but 
without  altering  it$.  Sulphuric  acid  decomposes  it 
partly  by  the  assistance  of  heat,  and  a quantity  of  char- 
coal is  formed.  Nitric  acid  decomposes  it  at  a boiling 
heat,  and  converts  it  into  water  and  carbonic  acid IJ. 
From  this  result,  and  from  the  products  obtained  by 


tk  Bergman.  f Ibid.  | Encyc.  Method,  art.  Acide  Saccharin* 
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distilling  pure  oxalic  acid,  It  follows,  that  this  acid  Is 
composed  of  oxygen,  hydrogen,  and  carbon.  Fourcroy 
informs  us,  that  Vauquelin  and  he  have  ascertained  that 
it  is  composed  of  77  oxygen 

13  carbon 
10  hydrogen 

ioq* 

But  the  experiments  upon  which  this  result  is  found- 
ed have  not  been  published  } so  that  it  is  impossible  to 
judge  of  their  accuracy. 

8.  The  affinities  of  oxalic  acid,  according  to  Berg- 
nian,  are  as  follows : 

Lime, 

Barytes, 

Strontian, 

Magnesia, 

Potass, 

Soda, 

Ammonia, 

Alumina. 

This  acid  Is  too  expensive  to  be  employed  for  thq 
purposes  of  domestic  economy  ; but  it  is  extremely  use- 
ful in  chemistry  to  detect  the  presence  of  lime  held  in 
solution.  For  this  purpose,  either  a little  of  the  pure 
acid,  or  of  the  solution  of  oxalat  of  ammonia,  is  dropt 
into  the  liquid  supposed  to  contain  lime.  If  any  be 
present,  a white  powder  immediately  precipitates  f. 


* Fourcroy,  vii.  224. 

t Provided  the  liquid  docs  not  contain  an  excess  of  any  of  the  more 
powerful  acids.  In  that  case  the  excess  must  be  saturated  with  ammo- 
nia before  adding  the  oxalic  acid. 
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COMBUSTIBLE  ACIDS. 

The  reason  of  this  is,  that  oxalat  of  lime  is  altogether 
insoluble,  and  oxalic  acid  in  consequence  is  capable  of 
taking  lime  from  every  other  acid. 


SECT.  VI. 

OF  MELLITIC  ACID. 

There  is  a mineral  of  a honey-yellow  colour  which 
is  found  in  small  solitary  crystals  among  the  layers  of 
Woodcoal  at  Arten  in  Thuringia.  At  first  sight  it  has 
some  resemblance  to  amber  ; but  Werner  recognised  it 
as  a peculiar  substance  about  the  year  1790,  and  gave 
it  the  name  of  honigstein  (honey-stone),  which  foreign 
mineralogists  converted  into  mellite . This  mineral  is 
very  rare.  Hitherto  indeed  it  has  been  found  only  in 
Thuringia  and  in  Switzerland  *. 

Mcdlite  has  usually  a honey-yellow  colour,  but  some- 
times a straw-yellow.  It  is  always  crystallized  in  octa- 
hedrons, but  they  are  rarely  entire  ; sometimes  indeed 
almost  the  whole  of  one  of  the  pyramids  is  wanting. 
Their  surface  is  generally  smooth  and  brilliant,  and  in- 
teriorly they  have  a glassy  lustre.  They  are  aemitrans- 
parent,  brittle,  soft,  and  easily  reduced  to  powder. 
When  pounded,  they  assume  a yellowish-grey  colour. 
Their  specific  gravity  is  about  1.550  f. 

Mineralogists  soon  discovered  that  mellite  is  partly 


* Brochant’s  Mineralogy,  ii.  jg. 
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combustible  ; but  they  did  not  agree  about  its  compo- 
nent parts.  Lampadius  and  Abich  undertook  its  che- 
mical analysis  about  the  same  time.  According  to  the 
^rst  of  these  gentlemen,  it  is  composed  of 
86.4  charcoal 
3.5  bitumen 

2 0 silica 
3.0  water 

949* 

According  to  Abich,  it  contains  the  following  ingre- 
dients   40  carbonic  acid 

28  water 

16  carbonat  of  alumina 
benzoic  acid 
5 benzoat  of  alumina 

3 oxide  of  iron 
resin 

1 00  f 

The  results  of  these  analyses  differed  so  much  from 
each  other,  that  little  confidence  could  be  placed  in 
either.  Besides,  it  was  evident  from  the  way  in  which 
their  experiments  were  conducted,  that  the  original 
component  parts  of  mellite  had  been  altered  by  fire. 
Klaproth  analysed  it  in  1799,  and  ascertained  it  to  be  a 
compound  of  alumina  and  a peculiar  acid,  to  which  he 
gave  the  name  of  wiellitic\.  And  this  analysis  was  soon 
after  confirmed  by  Mr  Vauquelm$. 


* Crcll’s  Annals,  1 797,  ii.  10. 
t Beil  rag:,  iii,  114. 


f Ibid,  p 16. 
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I H therto  mellitic  acid  has  been  found  only  in  the 
mellite.  It  may  be  procured  from  that  mineral  by  the 
following  process  : Reduce  the  mellite  to  powder,  and 
boil  it  in  about  72  times  its  weight  of  water.  The  acid 
combines  with  the  water,  and  the  alymina  separates  in 
flakes.  By  filtering  the  solution,  and  evaporating  suf- 
ficiently, the  mellitic  acid  is  obtained  in  the  state  of 
crystals. 

2.  These  crystals  are  either  very  fine  needles,  some- 
times collected  into  globules,  or  small  short  prisms. 
They  have  a brownish  colour,  and  a taste  a,t  first  sweet- 
ish-sour, and  afterwards  bitterish. 

3.  This  acid  is  not  very  soluble  in  Water  ; but  the 
precise  degree  of  solubility  has  not  been  ascertained. 

4.  When  exposed  to  heat,  it  is  readily  decomposed, 
exhaling  an  abundant  smoke,  which  however  is  desti- 
tute of  srqell.  A small  quantity  of  insipid  ashes  re- 
main behind,  which  do  not  alter  the  colour  of  litmus 
paper. 

5.  All  attempts  to  convert  it  into  oxalic  acid  by  the 
action  of  nitric  acid  have  failed.  The  nitric  acid  merely 
caused  it  to  assume  a straw-yellow  colour. 

6.  The  effect  of  the  simple  bodies  on  this  afid  has  not 
been  tried. 

7.  It  combines  with  alkalies,  earths,  and  metallic  ox- 
ides, and  forms  with  them  salts  which  are  distinguish- 
ed by  the  name  of  mellats.  The  properties  of  these 
compounds  will  be  considered  afterwards. 

8 From  the  analysis  of  Mr  Klaproth,  we  learn  that 
the  tyellite  is  composed  of  46  mellitic  acid 

16  alumina 
38  water 


&1ELL  1 TIC, 


Now  when  mellite  is  distilled  in  a retort,  the  acid  is 
completely  decomposed,  and  its  dements  combine  to- 
gether in  a different  way.  By  this  method  Mr  Kla- 
proth obtained  from  ioc  grains  of  mellite 
54  cubic  inches  of  carbonic  acid  gas 

' 13  hydrogen  gas 

38  grains  of  acidulous  and  aromatic  water 

1 aromatic  oil 

9 ....  . charcoal 
16 alumina 

From  this  analysis  it  is  obvious,  that  mellitic  acid  13 
composed  of  carbon,  hydrogen,  and  oxygen,  like  most 
of  the  combustible  acids.  It  does  not,  however,  fut- 
uish  us  with  sufficient  data  for  ascertaining  the  propor- 
tion of  these  constituent  parts. 

Mellitic  acid  bears  a great  resemblance  to  the  oxalic  \ 
but  it  differs  from  it  in  many  particulars,  especially  in 
the  nature  of  the  compounds  which  it  forms  with  diffe- 
rent bases. 


Chap.  17. 

— — 


SECT.  VII. 

OF  TARTARIC  ACID. 


Tartar,  or  cream  of  tartar  as  it  13  coftimonly  iWy. 
called  when  pure,  has  occupied  the  attention  of  che- 
mists for  several  centuries.  Duhamd  and  Grosse,  and 
after  them  Margraff  and  Rouelle  the  Younger,  proved 
that  it  was  composed  of  an  acid  united  to  potass  ; but 
Scheele  was  the  first  who  obtained  this  acid  in  a sepa- 
rate state.  He  communicated  his  process  for  obtain- 
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ing  it  to  Retzius,  who  published  it  in  the  Stockholm 
Transactions  fur  1770.  It  consisted  in  boiling  tartar 
with  lime,  and  in  decomposing  the  tartrat  of  lime  thu's 
formed  by  means  of  sulphuric  acid. 

1.  The  process  employed  at  present  for  obtaining  tar- 
taric acid,  which  is  the  same  with  that  of  Scheele,  is  the 
following  : Dissolve  tartar  in  boiling  water,  and  add  to 
the  solution  powdered  chalk  till  all  effervescence  ceases, 
and  the  liquid  ceases  to  redden  vegetable  blues.  Let 
the  liquid  cool,  and  then  pass  it  through  a filter.  A 
quantity  of  tartrat  of  lime  (which  is  an  insoluble  white 
powder)  remains  upon  the  filter.  Put  this  tartrat,  pre- 
viously well  washed,  into  a glass  cucurbite,  and  pour 
on  it  a quantity  of  sulphuric  acid  equal  to  the  weight  of 
the  chalk  employed,  which  must  be  diluted  with  water. 
Allow  it  to  digest  for  12  hours,  stirring  it  occasionally. 
The  sulphuric  acid  displaces  the  tartaric  : sulphat  of  lime 
remains  at  the  bottom,  while  the  tartaric  acid  is  dissol- 
ved in  the  liquid  part.  Decant  off  this  last,  and  try  whe- 
ther it  contains  any  sulphuric  acid.  This  is  done  by 
dropping  in  a little  acetat  of  lead  ; a precipitate  appears, 
which  is  insoluble  in  acetic  acid  if  sulphuric  acid  be 
present,  but  soluble  if  it  be  absent.  If  sulphuric  acid 
be  present,  the  liquid  must  be  digested  again  on  some 
more  tartrat  of  lime  ■,  if  not,  it  is  to  be  slowly  evapo- 
rated, and  about  one  third  part  of  the  weight  of  the  tar- 
tar employed  is  obtained  of  crystallized  tartaric  acid. 

2.  The  form  of  its  crystals  is  so  irregular,  that  every  • 
chemist  who  has  treated  of  this  subject  has  given  a dif- 
ferent description  of  them.  According  to  Bergman, 
they  generally  consist  of  divaricating  lamellae  * j ac- 


* Bergman,  iii.  36$. 
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cerding  to  Van  Packen,  they  assume  oftenest  the  form  Chap:  iv. 
of  long  pointed  prisms  * ; Spielman  and  Corvinus  % ob-  ' v J 
tained  them  in  groups,  some  of  them  lance-shaped,  o- 
thers  needle-formed,  others  pyramidal.  Morveau  ob- 
tained them  needle-form  J.  Their  specific  gravity  is 
1.5962  §. 

3.  Crystallized  tartaric  acid  does  not  experience  any 
change  in  the  open  air,  but  heat  decomposes  it  altoge- 
ther : in  the  open  fire  it  burns  without  leaving  any 
other  residuum  than  a spongy  charcoal,  which  general- 
ly contains  a little  lime.  When  distilled  in  close  ves- 
sels, it  is  converted  into  carbonic  acid  gas  and  carbu- 
reted hydrogen  gas,  a coloured  oil,  and  a reddish  acid 
liquor,  which  was  formerly  distinguished  by  the  name 
of  pyrotnrtarous  acid,  but  which  Fourcroy  and  Vauque- 
lin  have  lately  ascertained  to  be  merely  acetic  acid 
impregnated  with  oil  ||. 

4.  Tartaric  acid  dissolves  readily  in  water.  Bergman 
obtained  a solution,  the  specific  gravity  of  which  was 
1.230^.  Morveau  observed,  however,  that  crystals 
formed  spontaneously  in  a solution,  the  specific  gravi- 
ty of  which  was  1.084.  It  is  not  liable  to  spontaneous 
decomposition  when  dissolved  in  water,  unless  the  so- 
lution be  considerably  diluted. 

5.  Neither  its  action  on  oxygen  gas  nor  on  simple  Action  of 
combustibles  and  incombustibles  has  been  examined  ■ bo* 
but  it  is  probable  that  it  is  not  capable  of  producing  any 


* De  Salle  Eutnt.  Acl#  Tartar i.  | Analecta  de  Tartars. 

1 Fncyc.  Method.  Cbim.  i.  32  J 

§ Masscnfratz,  Ann.  de  Cbim.  xxxviji.  n.  ||  iKlv_  T ,r_ 

] Bergman,  i.  250. 
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sensible  change  on  them.  It  is  capable  of  oxidizing 
iron  and  zinc,  and  even  mercury  ; but  it  does  not  act 
upon  antimony,  bismuth,  tin,  lead,  copper,  silver,  gold, 
nor  platinum.  Its  action  on  the  other  metallic  bodies' 
has  scarcely  been  examined. 

6.  It  combines  with  alkalies,  earths,  and  fnetallic  ox- 
ides, and  forms  salts  known  by  the  name  of  tartrcits. 

7.  The  action  of  the  greater  part  of  the  other  acidtf 
on  it  is  unknown.  Hermstadt  has  ascertained,  that  it 
lilay  be  converted  into  oxalic  acid  by  distilling  it  repeat- 
edly with  six  times  its  weight  of  nitric  acid.  By  this 
process  he  obtained  560  parts  of  oxalic  acid  from  360 
parts  of  tartaric  acid  *. 

8.  From  this  result,  and  from  the  products  obtained 
when  tartaric  acid  is  distilled,  it  is  evident  that  it  is 
composed  of  oxygen,  carbon  and  hydrogen.  Fourcroy 
informs  us,  that  Vauquelin  and  he-' have  ascertained  that 
these  ingredients  are  combined  in  it  in  the  following 
proportions  f : 


70.5  oxygen 
*9.0  carbon 

10.5  hydrogen 


1 00.0 

9.  The  affinities  of  this  acid  follow  the  same  order 
as  those  of  oxalic  acid. 

Tartaric  aicid,  in  a state  of  purity,  has  Scarcely  been 
put  to  any  use  but  some  of  the  compounds  into  which 


* Crell’s  iV.  End.  in  d.  Cbem.  1782.  p. 
f Fourcroy,  vii,  26  r. 
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ii  enters  are  much  employed  in  medicine.  Ti.is  acid 
has  the  property  of  combining  in  two  different  propor- 
tions with  a great  number  of  bases.  With  potass,  for 
instance,  in  one  proportion,  it  forms  a salt  pretty  solu- 
ble in  water,  called  tartrat  of  potass  •,  but  when  added 
in  a greater  proportion,  it  forms  tartar,  a salt  very  im- 
perfectly soluble  in  water.  By  this  property,  the  pre- 
sence of  tartaric  acid,  in  any  acid  solution,  may  easily  be 
detected.  All  that  is  necessary  is  to  drop  in  slowly  a 
little  solution  of  potass  : if  tartaric  acid  be  present,  tar- 
tar immediately  precipitates  in  the  form  of  a white  grit- 
tv  powder. 

V 


SECT.  VIII. 


OF  CITRIC  ACID. 


Chemists  have  always  considered  the  juice  of  oran- 
ges and  lemons  as  an  acid.  This  juice  contains  a quan- 
tity of  mucilage  and  water,  which  renders  the  acid  im- 
pure, and  subject  to  spontaneous  decomposition.  Mr 
Georgius  took  the  following  method  to  separate  the  mu- 
cilage. He  filled  a bottle  entirely  with  lemon-juice, 
corked  it,  and  placed  it  in  a cellar:  in  four  years  the 
liquid  was  become  as  limpid  as  water,  a quantity  of 
mucilage  had  fallen  to  the  bottom  in  the  form  of  flakes, 
and  a thick  crust  had  formed  under  the  cork.  He  ex- 
posed this  acid  to  a cold  of  23  °,  which  froze  a great 
part  of  the  water,  and  left  behind  a strong  and  pretty 
Vol.  II.  K 
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Division1).  Pure  ac‘^  *'  ^ was  Scheele,  however,  that  first  points 

k— v—  cd  out  a method  of  obtaining  this  acid  perfectly  pure, 
and  who  demonstrated  that  it  possesses  peculiar  proper- 
ties. 

Prepan-  r.  His  process,  which  is  still  followed,  is  this:  Satu- 

Oon, 

rate  lemon  juice,  while  boiling,  with  powdered  chalk. 
A white  powder  falls  to  the  bottom,  which  is  lime  com- 
bined with  citric  acid.  Separate  this  powder,  and 
wash  it  with  warm  water  till  the  water  passes  o(F  co- 
lourless. Then  pour  upon  it  as  much  sulphuric  acid 
as  will  saturate  the  chalk  employed,  having  previously 
diluted  it  with  six  times  its  weight  of  water.  Boil  the 
mixture  for  some  minutes,  and  pass  it  through  a filter 
to  separate  the  sulphat  of  lime.  The  liquid  is  then  to 
be  evaporated  to  the  consistence  of  a syrup,  and  set 
aside  to  cool.  A number  of  crystals  form  in  it : these 
are  citric  acid  f. 

Mr  Scheele  advises  the  use  of  an  excess  of  sulphuric 
acid  in  order  to  insure  the  separation  of  all  the  lime ; 
but  according  to  Dize,  this  excess  is  necessary  for  ano- 
ther purpose  :£.  A quantity  of  mucilage  still  adheres 
to  the  citric  acid  in  its  combination  with  lime,  and  sul- 
phuric acid  is  necessary  to  decompose  this  mucilage  ; 
which,  as  Fourcroy  and  Vauquelin  have  proved,  it  is  ca- 
pable of  doing.  His  proof  of  the  presence  of  mucilage 
is,  that  when  the  solution  of  citric  acid  in  water,  which 
he  had  obtained,,  was  sufficiently  concentrated  by  evapo- 
ration, it  assumed  a brown  colour,  and  even  became 
black  towards  the  end  of  the  evaporation.  The  crys- 


* Stockholm  Transactions , 1 7 74.  f Scheele,  ii.  20ji 

t Nicholson's  Journal,  ii.  43. 
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tals  also  were  black.  By  repeated  solutions  and  evapo-  Chap.  IV.. 
rations,  this’-black  matter  was  separated,  and  found  to 
be  charcoal.  Hence  he  concluded  that  mucilage  had 
been  present  •,  for  mucilage  is  composed  of  carbon,  hy- 
drogen, and  oxygen  ; sulphuric  acid  causes  the  hydro- 
gen and  oxygen  to  combine  and  form  water,  and  char- 
coal remains  behind.  It  is  not  certain,  however,  as  Mr 
Nicholson  remarks  very  justly  *,  that  the  sulphuric  acid 
may  not  act  upon  the  citric  acid  itself,  and  that  the 
charcoal  may  not  proceed  from  the  decomposition  of  it ; 
at  least  the  experiments  of  Mr  Dize  are  insufficient  to 
prove  the  contrary.  In  that  case,  the  smaller  the  ex- 
cess of  sulphuric  acid  used  the  better. 

Proust,  who  has  published  a memoir  on  the  prepara- 
tion of  citric  acid  in  the  Jourtial de  Physique  for  1801  f, 
has  observed,  that  this  is  actually  the  case.  When  too 
much  sulphuric  acid  is  employed,  it  acts  upon  the  citric 
acid,  chars  it,  and  prevents  it  from  crystallizing.  This 
error  is  remedied  by  adding  a little  chalk.  This  che- 
mist has  ascertained,  that  4 parts  of  chalk  require  for 
saturation  94  parts  of  lemon  juice.  The  citrat  of  lime 
Obtained  amounts  to  74  parts.  To  decompose  this,  20 
parts  of  sulphuric  acid,  of  the  specific  gravity  1.15,  are 
necessary. 

2.  The  crystals  of  citric  acid  are  rhomboidal  prisms,  Properties 
the  sides  of  which  are  inclined  to  each  other  at  angles 
of  about  x 20  and  60  degrees,  terminated  at  each  end  by 
four  trapezoidal  faces,  which  include  the  solid  angles  $. 

They  are  not  altered  by  exposure  to  the  air.  Their 
taste  is  exceedingly  acid,  and  even  excites  pain  ; but 


••Nicholson’s  Journal,  ii.  43.  f Jour,  de  Plyi,  lii.  366 
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\vhcn  the  acid  is  properly  diluted  with  water,  the  acidity 
is  exceedingly  pleasant. 

3.  When  exposed  to  the  open  fire,  it  first  melts,  then 
swells  up  and  exhales  an  acrid  vapour,  and  leaves  be- 
hind it  a small  quantity  of  charcoal.  When  distilled  in 
close  vessels,  it  partly  evaporates  without  decomposition, 
and  is  partly  converted  into  acetic  acid,  carbonic  acid, 
and  carbureted  hydrogen  gas,  which  pass  over ; and 
charcoal  which  remains  in  the  retort. 

4.  Citric  acid  is- exceedingly  soluble  in  water.  Ac- 
cording to  Vauquelin,  100  parts  of  it  require  only  75 
parts  of  water.  Boiling  water  dissolves  twice  its  weight 
of  it  *.  This  solution  may  be  kept  a long  time  in  close 
vessels  ; however,  it  at  last  putrifies,  and  is  decompo- 
sed. 

5.  Neither  oxygen  gas  nor  the  simple  combustibles 
or  incombustibles  produce  any  effect  upon  it.  It  is  ca- 
pable of  oxidizing  iron,  zinc,  tin.  It  does  not  act  upon 
gold,  silver,  platinum,  mercury,  bismuth,  antimony, 
arsenic. 

6.  It  combines  with  alkalies,  earths,  and  metallic  ox- 
ides, and  forms  salts  known  by  the  name  of  citrats. 

7.  The  action  of  none  of  the  acids  on  it  has  been  ex- 
amined, if  we  except  that  of  the  sulphuric  and  nitric. 
Sulphuric  acid,  when  concentrated,  converts  it  into  a- 
cetic  acid  f.  Scheele  said  that  he  could  not  convert  it 
into  oxalic  acid  by  means  of  nitric  acid,  as  he  had  done 
several  other  acids  : but  Westrum  affirms,  that  this  con- 
version may  be  affected  j and  thinks  that  Scheele  had 


* Dizc. 
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) 


CITRIC. 


*4? 

probably  failed  from  having  used  too  large  a quantity  of  Chap.  W. 
nitric  acid,  by  which  he  had  proceeded  beyond  the  con- 
version into  oxalic  acid,  and  had  changed  the  citric  acid 
into  vinegar  : and  in  support  of  his  opinion,  he  quotes 
his  own  experiments from  which  it  appeared  that,  by 
treating  60  grains  of  citric  acid  with  different  quanti- 
ties of  nitric  acid,  his  products  were  very  different. 

Thus  with  2co  grains  of  nitric  acid  he  got  30  grains 
of  oxalic  acid  ; with  300  grains  of  nitric  acid  he  obtain- 
ed only  15  grains  of  the  oxalic  acid;  and  with  600 
grains  of  nitric  acid  no  vestige  appeared  of  the  oxalic 
acid.  On  distilling  the  products  of  these  experiments, 
especially  of  the  last,  he  obtained  vinegar  mixed  with 
nitric  acid.  The  experiments  of  Westrum  have  been 
confirmed  by  Fourcroy  and  Vauquehn  ; who,  by  treat- 
ing citric  acid  with  a great  quantity  of  nitric  acid,  con- 
verted it  into  oxalic  and  acetic  acids.  The  proportion 
of  the  first  was  much  smaller  than  that  of  the  second. 

From  these  experiments  it  is  evident  that  its  compo- 
nent parts  are  oxygen,  hydrogen,  and  carbon  ; but  the 
proportions  of  them  have  not  been  ascertained. 

8.  Its  affinities  are  as  follows:  .Affinities. 

Lime, 

Barytes, 

Strontian, 

Magnesia, 

Potass, 

Soda, 

Ammonia, 

Alumina, 

Zirconia. 

The  use  of  this  acid,  as  a seasoner  of  food,  and  in 
preparing  an  agreeable  cooling  drink  called  lemonade , ig 

well  known.  J£  3 
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History  Chemists  had  long  suspected  that  an  acid  could  be 
obtained  from  tallow,  on  account  of  the  acrid  nature  of 
the  fumes  which  it  emits  at  a high  temperature ; but  it 
was  M.  Grutzmacher  who  first  treated  of  it  particular- 
ly in  a dissertation  De  Ossium  Medulla , published  in 
17483:.  Mr  Rhodes  mentioned  it  in  1753;  Segner 
published  a dissertation  on  it  in  1754  ; and  Crell  exami- 
ned its  properties  very  fully  in  two  dissertations  pub- 
lished in  the  Philosophical  Transactions  for  1780  and 
1782.  It  was  called  at  first  acid  of  fat , and  afterwards 
sebacic  acid. 

But  at  the  period  when  these  chemists  made  their 
experiments,  the  characteristic  properties  of  the  different 
acids  were  not  sufficiently  known  to  enable  them  to  dis- 
tinguish acids  from  each  other  with  precision.  Thenard 
examined  the  subject  in  1801,  tried  all  the  processes  of 
Crell  and  Guyton  Morveau,  and  found  that  the  acids 
procured  by  them  were  either  acetic  or  the  acid  employ- 
ed in  the  process.  Real  sebacic  acid  had  hitherto  e- 
scaped  the  examination  of  chemists.  It  may  be  pro- 
cured by  the  following  method,  for  which  we  are  in- 
debted to  Thenard  f . 

JBrepara-  , i . Distil  hog’s  lard,  wash  the  product  with  hot  water, 
separate  this  water,  and  drop  into  it  acetat  of  lead.  A 


* Leonhardi. 
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flaky  precipitate  appears,  which  is  to  be  washed  and 
dried,  rrixed  with  sulphuric  acid,  and  heated.  A melt- 
ed substance,  analogous  to  fat,  swims  on  the  surface, 
which  is  to  be  carefully  separated.  This  substance  is 
sebacic  acid.  It  may  be  dissolved  in  hot  water,  and  on 
cooling  crystalline  needles  are  deposited.  This  acid 
may  be  obtained  also  by  evaporating  the  water  employ- 
ed in  washing  the  product  of  distilled  hog’s  lard.  Or 
this  water  may  be  saturated  with  potass,  and  afterwards 
precipitated  with  acetat  of  lead  as  above.  Its  proper- 
ties are  the  following. 

2.  It  has  no  smell,  its  taste  is  slightly  acid,  and  it 
reddens  the  tincture  of  turnsole.  When  heated  it  melts 
like  tallow.  It  is  soluble  in  cold,  but  much  more  solu- 
ble in  hot  water.  Boiling  water  saturated  with  it  be- 
comes solid  on  cooling  j alcohol  also  dissolves  it  abun- 
dantly It  crystallizes  in  needles  ; "but  by  proper  pre- 
cautions it  may  be  obtained  in  long,  large,  and  very  bril- 
liant plates. 

It  occasions  a precipitate  in  the  acetat.  and  nitrat  of 
lead,  the  nitrat  of  silver,  the  acetat  and  nitrat  of  mer- 
cury. It  forms  peculiar  salts  with  the  alkalies  and 
earths.  It  does  not  render  lime  water,  barytes,  or 
strontian  water  turbid.  Sebat  of  potass  has  little  taste, 
does  not  attract  moisture  from  the  air  ; and  when  sul- 
phuric, nitric,  or  muriatic  acid  is  poured  upon  it,  seba- 
cic acid  is  deposited  : when  its  solution  is  concentrated 
and  mixed  with  any  one  of  these  acids  it  becomes  so- 
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OF  SACLACTIC  ACID. 


History 


i his  acid  was  discovered  by  Scheele  in  1780.  After 
having  obtained  oxalic  acid  from  sugar,  he  wished  to 
examine  whether  the  sugar  of  milk  would  furnish  the 
same  product.  Upon  four  ounces  of  pure  sugar  of 
milk,  finely  powdered,  he  poured  12  ounces  of  diluted 
nitric  acid,  and  put  the  mixture  in  a large  glass  retort, 
which  he  placed  in  a sand-bath.  A violent  effervescence 
ensuing,  he  was  obliged  to  remove  the  retort  from  the 
sand-bath  till  the  commotion  ceased.  He  then  conti- 
tinued  the  distillation  till  the  mixture  became  yellow. 
As  no  crystals  appeared  in  the  liquor  remaining  in  the 
retort  after  standing  two  days,  he  repeated  the  distilla- 
tion as  before,  with  the  addition  of  eight  ounces  of  ni- 
tric acid,  and  continued  the  operation  till  the  yellovy 
colour,  which  had  disappeared  on  the  addition  of  the  ni- 
trous acid,  returned.  The  liquor  in  the  retort  contain- 
ed a white  powder,  and  when  cold  was  observed  to  be 
thick.  Eight  ounces  of  water  were  added  to  dilute  this 
liquor,  which  was  then  filtrated,  by  which  the  white 
powder  was  separated  •,  which  being  edulcorated  and 
dried,  weighed  7!  dr.  The  filtrated  solution  was  eva- 
porated to  the  consistence  of  a syrup,  and  again  sub- 
jected to  distillation,  with  four  ounces  of  nitric  acid  as 
before  ; after  which,  the  liquor,  when  cold,  was  observed 
to  contain  many  small,  oblong,  sour  crystals,  together 
with  some  white  powder.  This  powder  being  separated, 
the  liquor  was  again  distilled  with  more  nitric  acid  as 
before  ; by  which  means  the  liquor  was  rendered  capa- 
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ble  of  yielding  crystals  again  ; and  by  one  distillation  Chap,  IV. 
more,  with  more  nitrous  acid,  the  whole  of  the  liquor 
was  converted  into  crystals.  These  crystals,  added  to- 
gether, weighed  five  drams  ; and  were  found,  upon  trial, 
to  have  the  properties  of  the  oxalic  acid. 

Mr  Scheele  next  examined  the  properties  of  the  white 
powder,  and  found  it  to  be  an  acid  of  a peculiar  nature  ; 
he  therefore  called  it  the  acid  of  sugar  of  milk  *.  It 
was  afterv/ards  called  saclactic  acid  by  the  French  che- 
mists. Fourcroy  has  lately  given  it  the  name  of  mucous 
acid,  because  it  is  obtained  by  treating  gum  arabic,  and 
other  mucilaginous  substances,  with  nitric  acid. 

Mr  Hermstadt  of  Berlin  had  made  similar  experi- 
ments on  sugar  of  milk  at  the  same  time  with  Scheele,  • 
and  with  siniilar  results  ; but  he  concluded  that  the 
white  powder  which  he  obtained  was  nothing  else  than 
oxalat  of  lime  with  excess  of  acid,  as  indeed  Scheele 
himself  did  at  first.  After  he  became  acquainted  w-itli 
Scheele’s  conclusions,  he  published  a paper  in  defence 
of  his  own  opinion  ; but  his  proofs  are  very  far  from 
establishing  it,  or  even  rendering  its  truth  probable  *. 

He  acknowledges  himself,  that  he  has  not  been  able 
to  decompose  this  supposed  salt:  he  allows  that  it  pos- 
sesses properties  distinct  from  the  oxalic  acid  ; but  he 
ascribes  this  difference  to  the  lime  which  it  contains ; 
yet  all  the  lime  which  he  could  discover  in  240  grains 
of  this  salt  was  only  20  grains  ; and  if  the  alkali  which 
he  employed  was  a carbonat  (as  it  probably  was),  these 
20  must  be  reduced  to  it.  Now  Morveau  has  shewn, 
that  oxalic  acid,  containing  the  same  quantity  of  lime, 
exhibits  very  different  properties.  Besides,  this  acid. 


f Crell’s  Anna/,,  1784,  ii.  509. 
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whatever  it  is,  v hen  united  with  lime,  is  separated  by 
the  oxalic  and  must  therefore  be  different  from  it : as 
it  would  be  absurd  to  suppose  that  an  acid  could  dis- 
place itself  *.  The  saclactic  acid  must  therefore  be  con- 
sidered as  a distinct  acid,  since  it  possesses  peculiar  pro- 
perties. 

1.  Saclactic  acid  may  be  obtained  by  the  following 
process  : Upon  one  part  of  gum  arabic,  or  other  simi- 
lar gum,  previously  put  into  a retort,  pour  two  parts  of 
nitric  acid.  Apply  a slight  heat  for  a short  time,  till 
a little  nitrous  gas  and  carbonic  acid  gas  come  over  ; then 
allow  the  mixture  to  cool.  A white  powder  gradually 
precipitates,  which  may  be  easily  separated  by  filtration. 
Thisp  owder  is  saclactic  acid  f. 

2.  Saclactic  acid,  thus  obtained,  is  under  the  form  of 
a white  gritty  powder,  with  a slightly  acid  taste. 

Heat  decomposes  it.  When  distilled,  there  comes 
over  an  acid  liquor  which  crystallizes  in  needles  on 
cooling,  a red  coloured  acrid  oil,  carbonic  acid  gas,  an4 
carbureted  hydrogen  gas.  There  remains  in  the  retort 
a large  proportion  of  charcoal. 

Saclactic  acid,  according  to  Schiele,  is  soluble  in  6o 
parts  of  its  weight  of  boiling  \vater  ; but  Messrs  Herm- 
stadtj  and  § Morveau  found,  that  boiling  water  only 
dissolved  ^th  part : it  deposited  about  -J-th  part  on 
cooling  in  the  form  of  crystals ||. 

The  solution  has  an  acid  taste,  and  reddens  the  infu- 
sion of  turnsole  ^f.  Its  specific  gra/ity,  at  the  tempera- 
ture of  53.7°,  is  1. 00 1 5 **. 


* Morveau,  Encyc.  Method,  i.  291.  f Fourtroy,  vii.  146. 

t Pbys.  Chem.  § Encyc.  Method,  i.  290.  |j  Scheelc. 

Id.  **  Morveau,  Ibid. 
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The  compounds  which  it  forms  with  earths,  alkalies,  Chap.iv.. 
and  metallic  oxides,  are  denominated  saccolats.  These 
salts  are  but  very  imperfectly  known,  no  chemist  ha- 
ving examined  them  except  Scheele.  The  facts  which 
he  ascertained  are  the  following  : 

With  potass  it  forms  a salt  soluble  in  eight  parts  of 
boiling  water,  which  crystallizes  on  cooling.  The  sac- 
colat  of  soda  also  crystallizes,  and  is  soluble  in  five  parts 
of  water.  Saccolat  of  ammonia  loses  its  base  by  a mo- 
derate heat,  while  the  acid  remains  behind.  The  com- 
pounds which  it  forms  with  the  earths  are  nearly  inso- 
luble in  water.  It  scarcely  acts  upon  any  of  the  me- 
tals, but  it  combines  with  their  oxides  : it  forms  salts 
almost  insoluble  in  water.  When  poured  into  the  ni- 
trats  of  silver,  mercury,  or  lead,  it  occasions  a white 
precipitate.  It  produces  no  change  in  the  sulpbats  of 
iron,  copper,  zinc,  manganese,  nor  in  the  muriats  of  tin 
and  mercury. 


SECT.  XI.  Tt 

OF  LACCIC  ACIE>, 

About  the  year  1786,  Dr  Anderson  of  Madras  men-  History, 
tioned,  in  a letter  to  the  governor  and  council  of  that 
place,  that  nests  of  insects,  resembling  small  cowry 
shells,  had  been  brought  to  him  from  the  woods  by  the 
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natives,  who  eat  them  with  avidity.  These  supposed 
nests  he  soon  afterwards  discovered  to  be  the  coverings 
of  the  females  of  an  undescribed  species  of  cocetts, 
which  he  shortly  found  mentis  to  propagate  with  great 
facility  on  several  of  the  trees  and  shrubs  growing  in 
his  neighbourhood*. 

On  examining  this  substance,  which  called  white 

lac , he  observed  in  it  a very  considerable  resemblance 
to  bees  yax  ; lie  noticed  also,  that  the  animal  which 
secretes  it  provides  itself  by  some  means  or  other  with 
a small  quantity  of  honey,  resembling  that  produced  by 
our  bees  ; and  in  one  of  his  letters  he  complains,  that 
the  children  whom  he  employed  to  gather  it  were  tempt- 
ed by  its  sweetness  to  eat  so  much  of  it  as  materially  to 
reduce  the  produce  of  his  crop.  Small  quantities  of 
this  matter  were  sent  into  Europe  in  1789,  both  in  its 
natural  state  and  melted  into  cakes  ^ and  in  1793  Dr 
Pearson,  at  the  request  of  bit  Joseph  Banks,  undertook 
a chemical  examination  of  its  qualities,  and  his  experi- 
ments were  published  in  the  Philosophical  Transactions 
for  1794. 

A piece  of  white  lac,  from  3 to  15  grains  in  weight, 
is  probably  produced  by  each  insect.  These  pieces  are 
of  a grey  colour,  opaque,  rough,  and  roundish.  When 
white  lac  was  purified  by  being' strained  through  mus- 
lin, it  was  of  a brown  colour,  brittle,  hard,  and  had  a 
bitterish  taste.  It  melted  in  alcohol,  and  in  water  of 

* The  Chinese  collect  a kind  of  wax.  which  they  call  fe-la,  from  a 
coccus,  deposited  for  the  purpose  of  breeding  on  several  shrubs,  and 
manage  it  exactly  as  the  Mexicans  manage  the  cochineal  insect.  It  ws> 
the  m wl-dge  of  this  tliat  induced  Dr  Anderson  to  attempt  to  propa- 
gate his  insect. 

LACclC. 


*57 


the  temperature  of  1450.  In  many  of  its  properties  it  Chap.  IV. 
resembles  bees  wax,  though  it  differs  in  others  ; and 
Dr  Pearson  supposes  that  both  substances  are  composed 
of  the  same  ingredients,  but  in  different  proportions. 

1.  Two  thousand  grains  of  white  lac  were  exposed  in  Properties, 
such  a degree  of  heat  as  was  just  sufficient  to  melt 

them.  As  they  grew  soft  and  fluid,  there  oozed  out 
550  grains  of  a reddish  watery  liquid,  which  smelled 
like  newly  oaken  bread*.  To  this  liquid  Dr  Pearson 
has  given  the  name  of*  laccic  acid\. 

2.  It  possesses  the  following  properties  : 

It  turns  paper  stained  with  turnsole  to  a red  colour1. 

After  being  filtered,  it  has  a slightly  saltish  taste  with 
bitterness,  but  is  not  at  all  sour. 

When  heated,  it  smells  precisely  like  newly  baken  hot 
bread. 

On  standing,  it  grows  somewhat  turbid,  and  deposits 
a small  quantity  of  sediment. 

Its  specific  gravity  at  the  temperature  of  6o°  is 
1.025. 

A little  of  it  having  been  evaporated  till  it  grew  very 
turbid,  afforded  on  standing  small  needle-shaped  crys- 
tals in  mucilaginous  matter. 

1 wo  hundred  and  fiffy  grains  of  it  weTe  poured  into 
a very  small  retort  and  distilled.  As  the  liquor  grew 
warm,  mucilage-like  clouds  appeared  ; but  as  the  heat 
increased  they  disappeared  again.  At  the  temperature  of 
Soo°  the  fquor  distilled  over  very  fast : a small  quantity 


* The  same  liquid  appears  on  pressing  the  crude  lac  between  the 
fingers;  and  we  are  told  that  when  newly  gathered  it  is  replete  with 
Juke. 

t Pearson’s  Trans!,  of  tie  Chemical  Nomenclature. 
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of  extractive  matter  remained  behind.  The  distilled  1U 
quor  while  hot  smelled  like  newly  baken  bread,  and  was 
perfectly  transparent  and  yellowish.  A shred  of  paper 
stained  with  turnsole,  which  had  been  put  into  the  re- 
ceiver, was  not  reddened  ; nor  did  another  toiiich  had 
been  immersed  in  a solution  of  sulphat  of  iron,  and  also 
placed  in  the  receiver,  turn  to  a blue  colour  -upon  being 
moistened  with  the  solution  of  potass 

About  ioo  grains  of  this  distilled  liquid  being  eva- 
porated till  it  grew  turbid,  after  being  set  by  for  a 
night,  afforded  acicular  crystals,  which  under  a lens  ap- 
peared in  a group  not  unlike  the  umbel  of  parsley.  The 
whole  of  them  did  not  amount  to  the  quarter  of  a grain. 
They  tasted  only  bitterish. 

Another  i oo  grains  being  evaporated  to  dryness  in 
i very  low  temperature,  a blackish  matter  was  left  be- 
hind, which  did  not  entirely  disappear  on  heating  the 
spoon  containing  it  very  hot  in  the  naked  fire  ; but  on 
heating  oxalic  acid  to  a much  less  degree,  it  evaporated 
and  left  not  a trace  behind. 

Carbonat  of  lime  dissolved  in  this  distilled  liquid  with 
effervescence.  The  solution  tasted  bitterish,  did  not 
turn  paper  stained  with  turnsole  red,  and  on  adding  to 
it  carbonat  of  potass  a copious  precipitation  ensued.  A 
little  of  this  solution  of  lime  and  of  alkali  being  eva- 
porated to  dryness,  and  the  residuum  made  red  hot,  no- 
thing remained  but  carbonat  of  lime  and  carbonat  of 
potass. 

This  liquid  did  not  render  nitrat  of  lime  turbid,  but 
rt  produced  turbidness  in  nitrat  and  muriat  of  barytes. 


* A proof  that  die  acid  was  riot  the  prussic. 
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To  500  grains  of  the  reddish-coloured  liquor  obtain-  Chap-  rv. 
ed  by  melting  white  lac,  carbonat  of  soda  was  added  till 
the  effervescence  ceased,  and  the  mixture  wTas  neutral- 
ized ; for  which  purpose  three  grains  of  the  carbonat 
were  necessary.  During  this  combination  a quantity 
of  mucilaginous  matter,  with  a little  carbonat  of  lime, 
was  precipitated.  The  saturated  solution  being  filtra- 
ted and  evaporated  to  the  due  degree,  afforded  on  stand- 
ing deliquescent  crystals,  which  on  exposure  to  fire  left' 
only  a residuum  of  carbonat  of  soda. 

Lime-water  being  added  to  this  reddish-coloured  li- 
quor produced  a light  purple  turbid  appearance  ; and  on 
standing  there  wrere  clouds  just  perceptible. 

Sulphuret  of  lime  occasioned  a white  precipitation, 
but  no  sulphareted  hydrogen  gas  wras  perceptible  by  the 
smell. 

Tincture  of  galls  produced  a green  precipitation. 

Sulphat  of  iron  produced  a purplish  colour,  but  no 
precipitation  ; nor  was  any  precipitate  formed  by  the 
addition  first  of  a little  vinegar,  and  then  of  a little  pot-  \ 

ass,  to  the  mixture. 

Acetat  of  lead  occasioned  a reddish  precipitation, 
which  redissolved  on  adding  a little  nitric  acid. 

Nitrat  of  mercury  produced  a whitish  turbid  liquor. 

Oxalic  acid  produced  immediately  the  precipitation  of 
white  acicular  crystals  owing  probably  to  the  presence  * 

of  a little  lime  in  the  liquid. 

Tartrat  of  potass  produced  a precipitation  not  unlike 
what  takes  place  on  adding  tartaric  acid  to  tartrat  of 
potass  ; but  it  did  not  dissolve  again  on  adding  potass. 

Such  w-ere  the  properties  of  this  acid  discovered  by 
Dr  Pearson*.  Before  this  acid  can  be  admitted  as  a 


*Pbil.  Tram.  1 794,  p.  383. 
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peculiar  substance^  it  would  be  necessary  to  subject  it 
to  a more  rigid  examination.  T.he  quantity  which  Dr 
Pearson  examined  was  by  far  too  small  to  enable  him 
to  obtain  satisfactory  results. 

SECT.  xir. 

OF  MALIC  AC1  £>. 

Prepara- 

tion. 

i.  This  acid,  which  was  discovered  by  Scheele  iri 
1785,  has  received  the  name  of  malic  acid , because  it 

1 

may  be  obtained  in  abundance  from  the  juice  of  applet, 
in  which  it  exists  ready  formed.  Scheele  has  given  us 
the  following  process  for  extracting  it : Saturate  the 
juice  of  apples  with  potass,  and  add  to  the  solution  ace- 
tat  of  lead  till  no  more  precipitation  ensues.  Wash 
the  precipitate  carefully  with  a sufficient  quantity  of 
water;  then  pour  upon  it  diluted  sulphuric  acid  till  the 
mixture  has  a perfectly  acid  taste,  without  any  of  thal 
sweetness  which  is  perceptible  as  long  as  any  lead  re- 
mains dissolved  in  it  ; then  separate  the  sulphat  of  lead,  ' 
which  lias  precipitated,  by  filtration,  and  there  remains 
behind  pure  malic  acid  *. 

Vauquelin  has  lately  ascertained  that  it  may  be  ex- 
tracted, with  greater  advantage,  from  the  juice  of  the 
sempervivum  tectorum , or  common  house-leek,  where  it 
exists  abundantly,  combined  with  lime.  The  process 

* Swedish  Trans,  and  Crcll’s  Annals  for  IJ%S- 

MALIC. 


which  he  found  to  answer  best  is  the  following : To 
the  juice  of  the  house-leek  add  acetat  of  lead  as  long  as 
anj  precipitate  takes  place.  Wash  the  precipitate,  and 
decompose  it  by  means  of  diluted  sulphuric  acid  in  the 
manner  directed  by  Scheele*. 

Malic  acid  may  be  formed  also  by  the  action  of  ni- 
tric acid  or  sugar.  If  nitric  acid  be  distilled  with  an 
equal  quantity  of  sugar,  till  the  mixture  assumes  a 
brown  colour  (which  is  a sign  that  all  the  nitric  acid 
has  been  abstracted  from  it),  this  substance  will  be  found 
of  an  acid  taste;  and  after  all  the  oxalic  acid  which  may 
have  been  formed  is  separated  by  lime-water,  there  re- 
mains another  a*;id,  which  may  be  obtained  by  the  fol- 
lowing process  : Saturate  it  with  lime,  and  filter  the 
solution  ; then  pour  upon  it  a quantity  of  alcohol,  and 
a coagulation  takes  place.  This  coagulum  is  the  acid 
combined  with  lime.  Separate  it  by  filtration,  and  edul- 
corate it  with  fresh  alcohol;  then  dissolve  it  in  distilled 
water,  and  pour  in  acetat  of  lead  tilljno  more  precipita- 
tion ensues.  The  precipitate  is  the  acid  combined  with 
lead,  from  which  it  may  be  separated  by  diluted  sul- 
phuric acidf. 

2.  Malic  acid,  thus  obtained,  is  a liquid  of  a reddish 
brown  colour  and  a very  acid  taste.  When  evaporated 
it  becomes  thick  and  viscid  like  a mucilage  or  syrup, 
but  it  does  not  crystallize.  When  exposed  to  a dry  at- 
mosphere in  thin  layers,  it  dries  altogether,  and  assumes 
the  appearance  of  varnish. 

When  heated  in  the  open  fire  it  becomes  black,  swells 


* Ann.  dc  Cbim.  XXXIV.  ll). 
f Swedish  Tram,  and  Crell’s  Annals  for  1785. 
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up,  exhales  an  acrid  fume,  and  leaves  behind  it  a very 
voluminous  coal.  When  distilled,  the  products  are  an 
acid  water,  a little  carbureted  hydrogen  gas,  and  a large 
proportion  of  carbonic  acid*. 

3.  It  is  very  soluble  in  water.  It  gradually  decom- 
poses spontaneously,  by  undergoing  a kind  of  fermenta- 
tion in  the  vessels  in  which  it  is  kept. 

4.  Sulphuric  acid  chars  it,  and  nitric  acid  converts  it 
into  oxalic  acidf.  Hence  it  is  evident  that  it  is  com- 
posed of  oxygen,  hydrogen,  and  carbon,  though  the 
proportions  of  these  substances  have  not  been  ascer- 
tained. 

Malic  acid  combines  with  alkalies,  earths,  and  me- 
tallic oxides,  and  forms  salts  known  by  the  name  of 
malats. 

Its  affinities  have  not  yet  been  ascertained. 

This  acid  bears  a strong  resemblance  to  the  citric, 
but  differs  from'  it  in  the  following  particular's  : 

1.  The  citric  acid  shoots  into  fine  crystals,  but  this 
acid  does  not  crystallize. 

2.  The  salt  formed  from  the  citric  acid  with  lime  is 
almost  insoluble  in  boiling  water ; whereas  the  salt 
made  with  malic  acid  and  the  same  basis  is  readily  so- 
luble by  boiling  water. 

3.  Malic  acid  precipitates  mercury,  lead,  and  silver, 
from  the  nitrous  acid,  and  also  the  solution  of  gold  when 
diluted  with  water  ; whereas  citric  acid  does  notalter 
any  of  these  solutions. 

3.  Malic  acid  seems  to  have  a less  affinity  than  citric 
acid  for  lime  ; for  when  a solution  of  lime  in  the  for- 


* Fourcroy,  vii.  199. 
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mer  acid  is  boiled  one  minute  with  a salt  formed  from  ,chaP- IV-, 
volatile  alkali  and  citric  acid,  a decomposition  takes 
place,  and  the  latter  acid  combines  with  the  lime  and  is 
precipitated. 


SECT.  XIII. 

OF  LACTIC  ACID. 

If  milk  be  kept  for  some  time  it  becomes  sour.  The 
acid  which  then  appears  in  it  was  first  examined  by 
Scheele,  and  found  by  him  to  have  peculiar  properties. 

It  is  called  lactic  acid.  In  the  whey  of  milk  this  acid 
is  mixed  with  a little  curd,  some  phosphat  of  lime,  su- 
gar of  milk,  and  mucilage.  All  these  must  be  separa- 
ted before  the  acid  can  be  examined.  Scheele  accom- 
plished this  by  the  following  process. 

I.  Evaporate  a quantity  of  sour  whey  to  an  eighth  Prepara- 
part,  and  then  filtrate  it:  this  separates  the  cheesy  tlon' 
part.  Saturate  the  liquid  with  lime-water,  and  the  phos- 
phat of  lime  precipitates.  Filtrate  again,  and  dilute  the 
liquid  with  three  times  its  own  bulk  of  water;  then  let 
fall  into  it  oxalic  acid,  drop  by  drop,  to  precipitate  the 
lime  which  it  has  dissolved  from  the  lime-water  ; then 
add  a very  small  quantity  of  lime-water,  to  see  whe- 
ther too  much  oxalic  acid  has  been  added.  If  there  has, 
oxalat  of  lime  iaimediately  precipitates.  Evaporate 
the  solution  to  the  consistence  of  honey,  pour  in  a suffi- 
cient quantity  of  alcohol,  and  filtrate  again ; the  acid 
passes  through|  dissolved  in  the  alcohol,  but  the  sugar 
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' 1 to  the  solution  a small  quantity  of  water,  and  distil 
with  a small  heat,  the  alcohol  passes  over,  and  leaves 
behind  the  lactic  acid  dissolved  in  water*. 

Properties.  2.  This  acid  is  incapable  of  crystallizing  : when  eva- 
porated to  dryness,  it  deliquesces  again  in  the  airf. 

When  distilled,  water  comes  over  first,  then  a weak 
acid  resembling  the  tartaric,  then  an  empyreumatic  oil 
mixed  with  more  of  the  same  acid,  and  lastly  carbonic 
acid  and  carbureted  hydrogen  gas — there  remains  be- 
hind a small  quantity  of  charcoal 

3.  The  combinations  which  this  acid  forms  with  al- 
kalies, earths,  and  metallic  oxides,  are  called  lactats. 

4.  All  that  is  known  concerning  these  salts  are  the 
following  facts,  ascertained  by  Scheele.  When  satura- 
ted with  fixed  alkalies,  it  gave  salts  which  were  deli- 
quescent and  soluble  in  spirit  of  wine.  It  formed  deli- 
quescent salts  with  ammonia,  with  barytes,  with  lime, 
and  alumina  ; but  wTith  magnesia  it  formed  small  cry- 
stals, which  however  at  length  deliquesced.  This  acid 
had  no  effect  on  bismuth,  cobalt,  antimony,  tin,  mercu- 
ry, silver,  and  gold.  It  dissolved  zinc  and  iron  ; and 
it  prodirced  with  these  metals  hydrogen  gas.  Zinc  was 
the  only  metal  with  which  it  crystallized.  Copper  ren- 
dered this  acid  first  slightly  blue,  then  green,  and  lastly 
a deep  blue ; but  no  crystals  were  formed.  Digested 
upon  lead,  it  became  sweet,  but  did  not  crystallize. 

The  affinities  of  lactic  acid  are,  according  to  Bergman, 
the  same  with  those  of  acetic  acid. 


J Ibid. 


* Siheelc,  Stockholm  Trjm.  178®. 
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SECT.  XIV. 

OF  SUBERIC  ACID. 

Cork,  a substance  too  well  known  to  require  any  de-  History, 
scription,  is  the  bark  of  a tree  which  bears  the  same 
. name.  By  means  of  nitric  acid,  Brugriatelli  converted 
it  into  an  acid*,  which  has  been  called  the  suberic  acid , 
from  Suber , the  Latin  name  of  the  cork  tree.  Several 
chemists  afiimed  that  this  acid  was  the  oxalic,  because 
it  possesses  several  properties  in  common  with  it.  These 
assertions  induced  Bouillon  La  Grange  to  undertake  a 
set  of  experiments  on  suberic  acid.  These  experiments, 
which  have  been  published  in  the  23d  volume  of  the 
Annales  de  Cbimie,  completely  establish  the  peculiar  na- 
ture of  suberic  acid,  by  shewing  that  it  possesses  pro- 
perties different  from  those  of  any  other  acid. 

I . Suberic  acid  may  be  formed  by  pouring  six  parts  of  Prepara- 
nitric  acid  of  the  specific  gravity  1.261  on  one  part  of  U°n‘ 
cork  grated  down,  or  simply  broken  down  into  small 
pieces,  and  distilling  the  mixture  with  a gentle  heat  as 
long  as  red  vapours  continue  to  escape.  As  the  distil- 
lation advances,  a yellow  matter  like  wax  makes  its  ap- 
pearance on  the  surface  of  the  liquid.  While  the  mat- 
ter contained  in  the  retort  is  hot,  it  is  to  be  poured  into 
a glass  vessel,  placed  upon  a sand-bath  over  a gentle  fire, 
and  constantly  stirred  with  a glass  rod.  By  this  gneans 


* Crell’s  /. innaJt , 1 787. 
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it  becomes  gradually  thick.  As  soon  as  white  vapoury 
exciting  a tickling  in  the  throat, begin  to  disengage  them- 
selves, the  vessel  is  removed  from  the  bath,  and  the 
mass  Continually  stirred  till  it  is  almost  cold. 

By  this  means  an  orange-coloured  mass  is  obtained 
of  the  consistence  of  honey,  of  a strong  and  sharp  odour 
while  hot,  but  having  a peculiar  aromatic  smell  when 
cold. 

On  this  mass  twice  its  weight  of  boiling  water  is  to 
be  poured,  and  heat  applied  till  it  becomes  liquid  ; and 
then  that  part  of  it  which  is  insoluble  in  water  is  to  be 
separated  by  filtration.  The  filtered  liquor  becomes 
muddy;  on  cooling  it  deposits  a powdery  sediment,  and 
a thin  pellicle  forms  on  its  surface.  The  sediment  is  to 
be  separated  by  filtration,  and  the  liquor  reduced  to  a 
dry  mass  by  evaporating  in  a gentle  heat.  This  mass  is 
suberic  acid.  It  is  still  a little  coloured,  owing  to  some 
accidental  mixture,  from  which  it  may  be  purified  ei- 
ther by  saturating  it  with  potass  and  precipitating  it  by 
means  of  an  acid,  or  by  boiling  it  along  with  charcoal 
powder. 

2.  Suberic  acid  thus  obtained  is  not  crystallizable,  but 
when  precipitated  from  potass  by  an  acid  it  assumes  the 
form  of  a powder ; when  obtained  by  evaporation  it 
forms  thin  irregular  pellicles. 

3.  Its  taste  is  acid  and  slightly  bitter;  and  when  dis- 
solved in  a small  quantity  of  boiling  water  it  acts  upon 
the  throat,  and  excites  coughing. 

It  reddens  vegetable  blues ; and  when  dropped  into 
a solution  of  indigo  in  sulphuric  acid  ( liquid  Hue,  as  it 
is  called  in  this  country),  it  changes  the  colour  of  the 
solution,  and  renders  it  green. 


4.  Water  at  the  temperature  of  6 o°  or  even  70°  dis» 


SUBE1UC. 

solves  only  TT.y  part  of  its  weight  of  suberic  acid  ; and 
if  the  acid  be  very  pure,  only  -r^th  part : boiling  wa- 
ter, on  the  contrary,  dissolves  half  its  weight  of  it. 

When  exposed  to  the  air,  it  attracts  moisture,  espe- 
cially if  it  be  impure. 

j.  When  exposed  to  the  light  of  day,  it  becomes  at 
last  brown;  and  this  effect  is  produced  much  sooner  by 
the  direct  rays  of  the  sun. 

When  heated  in  a matrass,  the  acid  sublimes,  and  the 
. inside  of  the  glass  is  surrounded  with  zones  of  different 
colours.  If  the  sublimation  be  stopped  at  the  proper 
time,  the  acid  is  obtained  on  the  sides  of  the  vessel  in 
small  points  formed  of  concentric  circles.  When  ex- 
posed to  the  heat  of  the  blow- pipe  on  a spoon  of  pla- 
tinum, it  first  melts,  then  becomes  pulverulent,  and  at 
last  sublimes  entirely  with  a sniell  resembling  that  of 
sebacic  acid. 

It  is  not  altered  by  oxygen  gas  : — the  other  acids  do 
not  dissolve  it  completely.  Alcohol  developes  an  aro- 
matic odour,  and  an  ether  may  be  obtained  by  means 
ef  this  acid. 

It  converts  the  blue  colour  of  nitrat  of  copper  to  a 
green  ; the  sulphat  of  copper  also  to  a green;  green  sul- 
phat  of  iron  to  a deep  yellow  ; and  sulphat  of  zinc  to  a 
golden  yellow. 

It  has  no  action  either  on  platinum,  gold,  or  nickel ; 
but  it  oxidizes  silver,  mercury,  copper,  lead,  tin,  iron, 
bismuth,  arsenic,  cobalt,  zinc,  antimony,  manganese, 
and  molybdenum. 

6.  With  alkalies,  earths,  and  metallic  oxides,  it  forms 
compounds  known  by  the  name  of  suberats. 

7.  Its  affinities  are  as  follows : 
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SECT.  XV. 

OF  GALLIC  ACID. 

History.  Fhere  is  an  excrescence  known  by  the  name  of  nut- 
gall,  which  grows  on  some  species  of  oaks.  This  sub- 
stance contains  a peculiar  acid,  called  from  that  circum- 
stance gallic  acid,  the  properties  of  which  were  first-ex- 
amined with  attention  by  the  Commissioners  of  the  A- 
cademy  of  Dijon  ; and  the  result  of  their  experiments 
was  published  in  I777>  i°  the  third  volume  of  their 
Elements  of  Chemistry.  In  these  experiments,  how- 
ever, they  employed  the  infusion  of  galls,  in  which  the 
acid  is  combined  with  the  tanning  principle  f.  It  was 
reserved  for  Scheele  to  pbtain  it  nearly  in  a state  of 
purity. 

Prepara-  i.  He  observed,  in  an  infusion  of  galls  made  with 
tion.  ° ■ * 


* Ann.  de  Cbim.  xxiii.  42. 

f A substance  lately  discovered  by  the  French  chemists,  to  be  after- 
wards described.  It  exists  also  in  oak-bark,  and  every  other  body  which 
may  be  substituted  for  that  bark  in  the  operation  of  tanning. 
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cold  water,  a sediment,  which  proved  on  examination  to  rhaP- 
have  a crystalline  form  and  an  acid  taste.  By  letting 
an  infusion  of  galls  remain  a long  time  exposed  to  the 
air,  and  removing  now  and  then  the  mouldy  skin  which 
formed  on  its  surface,  a large  quantity  of  this  sediment 
■was  obtained  ; which  being  edulcorated  with  cold  wa- 
ter, redissolved  in  hot  water,  filtrated  and  evaporated 
very  slowly,  yielded  an  acid  salt  in  crystals  as  fine  as 
sand  *. 

Deyeux  has  proposed  a much  speedier  method  of  ob- 
taining gallic  acidf  ; but  it  does  not  succeed  without  a 
good  deal  of  precaution.  It  consists  in  exposing  pound- 
ed nut-galls  in  a large  glass  retort  to  a heat  cautiously 
and  slowly  raised.  A number  of  brilliant  white  crystal- 
line plates  are  sublimed,  which  possess  all  the  proper- 
ties of  gallic  acid.  Care  must  be  taken  not  to  apply 
too  great  a heat,  and  to  stop  the  process  before  any  oil 
begins  to  come  over,  otherwise  the  crystals  will  be  re- 
dissolved, and  the  whole  labour  lost. 

Mr  Davy  has  lately  pointed  out  another  method 
which  yields  gallic  acid  in  a state  of  considerable  pu- 
rity. Boil  for  some  time  a mixture  of  carbonat  of  ba- 
rytes and  infusion  of  nut-galls.  A bluish  green  liquid 
is  obtained,  which  consists  of  a solution  of  gallic  acid 
and  barytes.  Filter  and  saturate  with  diluted  sulphu- 
ric acid.  Sulpliat  of  barytes  is  deposited  in  the  state  of 


* Stockholm  Trans.  1786. — The  crystals  obtained  by  this  method  al- 
v/ays  contain  a portion  of  tar.,  and  are  of  a brown  colour. 

t This  method  was  in  fact  discovered  by  Scheele ; but  Deyeux  re- 
peated it,  and  pointed  out  the  proper  precautions.— See  Cr ell’s  Annals, 
3,  29.  Eng.  Transl. 
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^v'aton'l  3n  ^nso^u^^e  powder,  and  a colourless  solution  of  gallic 
» v acid  remains  behind  *. 

Properties.  2.  Gallic  acid,  when  pure,  is  in  the  form  of  transpa- 
rent plates  or  octahedrons,  its  taste  is  acid,  and  some- 
what astringent;  and  when  heated  it  has  a peculiar  and 
rather  unpleasant  aromatic  odour. 

3,.  It  is  soluble  in  14-  parts  of  boiling  water,  and  in 
X2  parts  of  cold  water.  When  this  solution  is  heated, 
the  acid  undergoes  a very  speedy  decomposition.  Al- 
cohol dissolves  one-fourth  of  its  weight  of  this  acid  at 
the  temperature  of  the  atmosphere.  When  boiling  hot, 
it  dissolves  a quantity  equal  to  its  own  weight.  It  is 
insoluble  in  ether. 

4.  When  exposed  to  the  action  of  heat,  it  is  sublimed 
without  alteration : but  a strong  heat  decomposes  it  ia 
part,  and  converts  it  into  an  acid  water,  carbureted 
hydrogen  gas,  carbonic  acid  gas,  oil,  and  charcoal . When 
distilled,  a quantity  of  oxygen  gas  is  disengaged,  an -acid 
Kquor  is  found  in  the  receiver,  with  some  gallic  acid 
not  decomposed,  and  there  remains  in  the  retort  a quan- 
tity of  charcoal.  If  what  has  passed  into  the  receiver 
- be  again  distilled,  more  oxygen  gas  is  obtained,  some 
gallic  acid  still  sublimes,  and  a quantity  of  charcoal  re- 
mains in  the  retort.  By  repeated  distillations  the  whole 
of  the  acid  may  be  decomposed.  This  decomposition 
may  be  more  easily  accomplished  by  distilling  repeated- 
ly a solution  of  gallic  acid  in  water.  The  products  are 
oxygen  gas,  charcoal,  and  an  acid  liquor. 

From  these  experiments  Mr  Deyeux,  who  perform- 
ed them,  has  concluded,  that  gallic  acid  is  composed  of 
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oxygen,  and  a much  large*  proportion  of  carbon  than 
enters  into  the  composition  of  carbonic  acid.  But  this 
conclusion  is  not  warranted  by  the  analysis  5 for  Mr 
Deyeux  did  not  find  that  the  quantity  of  oxygen  gas 
and  carbon  obtained  was  equal  to  that  of  the  gallic  acid 
decomposed  ; and  in  the  acid  liquor  which  came  over, 
there  evidently  existed  a quantity  of  water,  which 
doubtless  was  formed  during  the  distillation.  Scheele, 
by  treating  gallic  acid  with  nitric  acid  in  the  usual  man- 
ner,  converted  it  into  oxalic  acid.  Now  it  is  certain 
that  oxalic  acid  contains  hydrogen  as  well  as  carbon. 
It  cannot  be  doubted,  then,  that  gallic  acid  is  composed 
or  oxygen,  hydrogen,  and  carbon,  in  proportions  not 
yet  ascertained.  But  Mr  Deyeux  has  proved,  that  the 
quantity  of  carbon  is  very  great,  compared  with  that  of 
the  hydrogen. 

5.  Gallic  acid  is  not  altered  by  exposure  to  the  air. 
Neither  oxygen  gas,  the  simple  combustibles,  nor  azote, 
seem  to  have  any  particular  action  on  it.  Its  action  on 
the  metals  has  not  been  examined. 

6.  It  combines  with  alkalies,  earths,  and  metallic 
oxides,  and  forms  compounds  called  gctllats,  most  of 
which  axe  still  but  very  imperfectly  known. 

As  the  greater  number  of  its  combinations  with  me- 
tallic oxides  are  insoluble,  it  tor  the  most  part  occasions 
a precipitate  when  poured  into  a solution  containing  a 
metal ; and  this  precipitate  differs  in  colour,  according 
to  the  metal  which  occasions  it.  Hence  this  acid,  or 
at  least  the  infusion  of  nut-galls,  is  very  much  used  by 
chemists  to  detect  the  presence  of  metals  when  held  in 
solution.  The  formation  of  a precipitate,  with  infu- 
sion of  nut-galls,  is  even  considered  as  a property  al- 
most peculiar  to  metallic  oxides.  It  ought  to  be  re- 
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marked,  however,  that  all  the  metals  are  by  no  means 
precipitated  from  their  solutions  by  gallic  acid.  The 
lollowing  must  be  excepted  : 

i.  Platinum,  4.  Cobalt, 

2'  5-  Manganese, 

3-  Zinc>  6.  Arsenic. 

The  following  Table  exhibits  a view  of  the  colours 

o the  precipitates  of  different  metals  by  means  of  this 
acid : 


Table  of 

metallic 

precipitates. 


Gold  . . 
Silver  . 
Mercury 
Copper  . , 
Iron  . . , 
Lead  . . 
Nickel  . , 
Bismuth 
Antimony 
Tellurium 


. Brown 
. Brown 
. Orange  yellow 
. Brown 
. Black 
. White 

• Grey 

. Orange 
. White 

• Yellow 


Uranium Chocolate 

Titanium  Reddish  brown 

Chromium Brown 

Columbium Orange 

Molybdic  acid  acquires  a dark  yellow  colour,  but 
does  not  precipitate*. 

But  the  colour  of  these  metallic  precipitates  varies 
considerably  according  to  the  state  of  oxydizement,  and 
the  acid  with  which  they  are  composed.  These  differen- 

s are  especially  remarkable  in  the  solutions  of  mercury 
and  copper. 


* Schecle,  Crell’s  AnnaL,  i.  28.  Eng.  Trails!. 
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7.  Gallic  acid  produces  no  change  in  the  solutions  of  ,chaP-  1V“, 
alkaline  salts  : But  when  dropt  into  barytes  water,  Action  on 
strontian  water,  or  lime  water,  it  gives  them  a bluish- 
red  colour,  and  occasions  a flaky  precipitate,  composed 
of  the  acid  combined  with  the  earths  *. 

Gallic  acid  occasions  a precipitate  when  poured  into 
solutions  of  glucina,  yttria,  and  zirconia  in  acids.  This 
property  distinguishes  these  three  bodies  from  all  the 
other  earths,  none  of  which  are  precipitated  from  their 
solutions  in  acids  by  gallic  acid  f . 

The  affinities  of  gallic  acid  are  still  undetermined. 

Mr  Richter  has  shqsvn,  that  it  is  not  capable  of  taking 
iron  from  sulphuric  acid,  as  has  been  hitherto  supposed, 
unless  it  be  assisted  by  the  action  of  some  other  body 
which  has  an  affinity  for  sulphuric  acid.  He  has  en- 
deavoured to  shew,  too,  contrary  to  the  experiments  of 
Proust,  that  it  strikes  a black  with  all  the  oxides  of 
iron  ; but  his  proofs  are  by  no  means  sufficient  to  de- 
cide that  point 


* Fourcroy  and  Vauquelin  affirm,  that  Gallic  acid  occasions  no  pre- 
cipitate in  strontian  water  ; I,  however,  always  obtain  one,  with  what- 
ever care  the  reagents  are  prepared.  See  Mcvi.  de  I’lmtit.  ii.  61. 

t If  we  except  their  solutions  in  carbonic  acid.  Alumina  is  precipitated 
from  acids  by  infusion  of  nut-galls,  but  not  ynmud  lately. 

\ Jour,  de  Pbyi.  iii.307. 
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OF  PRUSSIC  ACID. 

As  the  prussic  ACID  is  one  of  the  most  important  in- 
struments which  the  chemist  possesses,  and  as  it  has 
perhaps  occupied  more  of  the  attention  of  the  most  dis- 
tinguished cultivators  of  the  science  than  any  of  the 
other  acids,  it  will  be  proper  to  trace  somewhat  parti- 
cularly the  gradual  discovery  of  its  nature  and  proper- 
ties. 1 

?fp™2>  *b0Ut  ,he  beSinnin«  of  lie  1 8th  century,  Diesbach, 

blue.  a chemist  of  Berlin,  wishing  to  precipitate  a solution  of 
cochineal  mixed  with  a little  alum  and  sulphat  of  iron, 
borrowed  from  Dippel  some  potass,  from  which  that 
chemist  had  distilled  several  times  his  animal  oil.  On 
pouring  in  the  potass,  Diesbach  was  surprised  to  see, 
instead  of  the  red  precipitate  which  he  had  expected,  a 
beautiful  blue  powder  falling  to  the  bottom  of  the  ves- 
sel. By  reflecting  on  the  materials  which  he  had  em- 
ployed, he  easily  discovered  the  method  of  procuring 
the  blue  powder  at  pleasure*.  This  powder  was  call- 
ed Prussian  blue,  from  the  place  where  it  was  discover- 
ed. It  was  announced  in  the  Berlin  Memoirs  for 
z7I0t;  but  the  process  was  concealed,  because  it  had 
become  a lucrative  article  of  commerce.  A method  of 


* Stahl  s Three  Hundred  Experiment p,  p.  38  li 
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preparing  it,  however,  was  published  by  Woodward  in  CIiap.TV. 
the  Philosophical  Transactions  for  1724,  which  he  said 
he  had  got  from  one  of  his  friends  in  Germany.  This 
method  was  as  follows : Detonate  together  4 ounces  <of 
nitre  and  as  much  tartar,  in  order  to  procure  an  extem- 
poraneous alkali ; then  add  4 ounces  of  dried  bullock’s 
blood,  mix  the  ingredients  well  together,  and  put  them 
into  a crucible  covered  with  a lid,  in  which  there  is  a 
small  hole ; calcine  with  a moderate  fire  till  the  blood 
emits  no  more  smoke  or  dame  capable  of  blackening 
any  white  body  exposed  to  it : increase  the  fire  towards 
the  end,  so  that  the  whole  matter  contained  in  the  cru- 
cible shall  be  moderately  but  sensibly  red.  In  this  state 
throw  it  into  two  pints  of  water,  and  boil  it  for  half  asi 
hour.  Decant  off  this  water,  and  continue  to  pour  on 
more  till  it  come  off  insipid.  Add  all  these  liquids  to- 
gether, and  boil  them  down  to  two  pints.  Dissolve 
two  ounces  of  sulphat  of  iron  and  eight  ounces  of  alum 
in  two  pints  of  boiling  water  ; mix  this  with  the  for- 
mer liquor  while  both  are  hot.  An  effervescence  takes 
place,  and  a powder  is  precipitated  of  a green  colour 
mixed  with  blue.  Separate  this  precipitate  by  filtra- 
tion, and  pour  muriatic  acid  upon  it  till  it  becomes 
of  a beautiful  blue  ; then  wash  it  with  water  and  dry 
it  *. 

> 

Different  explanations  were  given  of  the  nature  of 
this  precipitate  by  different  chemists.  All  pf  them  ac- 
knowledged that  it  contained  iron  ; but  to  account  for 
the  colour  was  the  difficult  point.  Brown,  and  Geof- 
frey, and  Neumann,  discovered  in  succession,  that  ? 


* Phil.  TrdflJ.  xxxiii.  15. 
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DivSon'i.  grC3t  man?  0thcr  animal  substances  besides  blood  coni- 

v niunicated  ro  alkalies  the  property  of  forming  prussian 

blue  but  the  theories  by  which  they  attempted  to  ac- 
count for  its  formation  were  altogether  nugatory.  At 
last  a very  important  step  was  made  in  the  investiga- 
tion of  this  compound  by  Macquer,  who  published  a 
dissertation  on  it  in  the  year  1752J. 

Expen-  This  celebrated  chemist  ascertained  the  following 

.Macquer.  i‘icts  : i.  When  an  alkali  is  added  to  a solution  of  iron 
in  any  ~acid,  the  iron  is  precipitated  of  a yellow  colour, 
and  soluble  in  acids  ; but  if  iron  be  precipitated  from 
an  acid  by  an  alkali  prepared  by  calcination  with  blood 
(which  has  been  called  a prussian  alkali ),  it  is  of  a green 
colour.  2.  Acids  dissolve  only  a part  of  this  precipi- 
tate, and  leave  behind  an  insoluble  powder  which  is  of 
an  intense  blue  colour.  The  green  precipitate  there- 
fore is  composed  of  two  different  substances,  one  of 
which  is  prussian  blue.  3.  The  other  is  tire  brown 
or  yellow  oxide  of  iron  ; and  the  green  colour  is  ow- 
ing  to  the  mixture  of  the  blue  and  yellow  substances. 
4.  When  heat  is  applied  to  this  prussian  blue,  its  blue 


colour  is  destroyed,  and  it  becomes  exactly  similar  to 
common  oxide  of  iron.  It  is  composed  therefore  of 
iron  and  some  other  substance,  which  heat  has  the  pro- 
perty of  driving  off.  5.  If  it  be  boiled  with  a pure  al- 
kali, it  loses  its  blue  colour  also,  and  at  the  same  time 
the  alkali  acquires  the  property  of  precipitating  of  a 
blue  colour  solutions  of  iron  in  acids,  or  it  has  become 
precisely  the  same  with  the  prussian  alkali.  6.  Prus- 
sian blue,  therefore,  is  composed  of  iron  and  something 
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which  a pure  alkali  can  separate  from  it,  something  Chap, 
which  has  a greater  affinity  for  alkali  than  for  iron, 
y.  By  boiling  a quantity  of  alkali  with  prussian  blue, 
it  may  be  completely  saturated  with  this  something, 
which  may  be  called  colouring  matter.  8.  No  acid  can 
separate  this  colouring  matter  from  iron  after  it  is  once 
united  with  it.  9.  When  iron  dissolved  in  an  acid  is 
mixed  with  an  alkali  saturated  with  the  colouring  mat- 
ter, a double  decomposition  takes  place,  the  acid  unites 
with  the  alkali,  and  the  colouring  matter  with  the  iron, 
and  forms  prussian  blue.  10.  The  reason  that,  in  the 
common  method  of  preparing  prussian  blue,  a quantity 
of  yellow  oxide  is  precipitated,  is,  that  there  is  not  a 
sufficient  quantity  of  colouring  matter  (for  the  alkali  is 
never  saturated  with  it)  to  saturate  all  the  iron  displa- 
ced by  the  alkali ; a part  of  it  therefore  is  mixed  with 
prussian  blue.  Muriatic  acid  dissolves  this  oxide,  car- 
ries it  off,  and  leaves  the  blue  in  a state  of  purity. — 

Such  were  the  conclusions  which  Macquer  drew  from 
his  experiments  ; experiments  which  not  only  discover- 
ed the  composition  of  prussian  blue,  but  threw  a ray  of 
light  on  the  nature  of  affinities,  which  has  contributed 
much  towards  the  advancement  of  that  important  branch 
of  chemistry. 

The  nature  of  the  colouring  matter,  however,  was 
still  unknown.  Macquer  supposed  it  to  be  phlogiston; 
and  this  opinion  was  for  some  time  acceded  to  by  al- 
most all  chemists.  Hence  the  alkali  saturated  with  it 
received  the  name  of  phtogisticated  alkali. 

The  dissertation  cf  Macquer  drew  the  attention  of 
chemists  to  prussian  blue  in  a peculiar  manner  : but 
for  some  time  they  satisfied  themselves  with  ascertain- 
ing the  different  bodies  which  might  be  employed  to 
You.  II.  M 
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phloguticate  the  alklali,  without  attempting  to  ascertain 
what  this  phlogistication  was.  At  length,  in  1772,  Mor- 
veau  announced  his  suspicion  that  the  colouring  matte* 
was  not  mere  phlogiston,  but  probably  an  acid.  This 
seems  to  have  led  succeeding  chemists  to  direct  their  at- 
tention towards  an  examination  of  its  properties.  Sage 
affirmed  that  it  was  phosphoric  acid ; but  this  opinion 
was  refuted  by  Lavoisier*.  Bergman  also  announced 
his  supicions  that  it  was  an  acid,  but  an  unknown  onef. 
Deyeux  and  Parmentier,  Bergman,  Erxleben,  Delius, 
and  Scopoli,  submitted  prussian  blue  to  distillation,  and 
obtained  a quantity  of  ammonia.  Fontana  ascertained 
that  prussian  blue  detonated  with  nitre.  Landriani  ob- 
tained, by  distillation,  a little  acid  liquid  and  oil,  and  a 
great  quantity  of  azotic  gas  and  carbureted  hydrogen 
gas.  Such  was  the  knowledge  of  chemists  respecting 
the  nature  of  this  colouring  matter,  when  Scheele  all  at 
once  removed  the  veil,  and  explained  its  properties  and 
composition.  This  he  performed  in  two  dissertations 
on  prussian  blue,  published  in  the  Stockholm  Transac- 
tions for  1782  and  1783  J. 

He  observed  that  the  prussian  alkali;  after  being  ex- 
posed for  some  time  to  the  air,  lost  the  property  of 
forming  prussian  blue;  the  colouring  matter  must  there- 
fore have  left  it. 

He  put  a small  quantity  of  it  into  a large  glass  globe> 
corked  it  up,  and  kept  it  some  time  ; but  no  change 
was  produced  either  in  the  air  or  the  prussian  alkali. 
Something  must  therefore  displace  the  colouring  mat- 


* Mem.  Par.  lyyy,  p.  yy.  f Notes  on  Scheffer,  § i6j. 
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tt'r  when  the  alkali  is  exposed  to  the  open  air,  which  ifc  Chap,  iv. 
not  present  in  a glass  vessel.  Was  it  carbonic  acid  gas  ? 

To  ascertain  this,  he  put  a quantity  of  prussian  alkali 
into  a glass  globe  filled  with  that  gas,  and  in  24  hours 
the  alkali  was  incapable  of  producing  prussian  blue.  It 
is  therefore  carbonic  acid  gas  which  displaces  the  co- 
louring matter.  He  repeated  this  experiment  with  this 
difference,  that  he  hung  in  the  globe  a bit  of  paper 
which  had  been  previously  dipped  into  a solution  of 
sulphat  of  iron,  and  on  which  he  had  let  fall  two  drops 
of  an  alkaline  lixivium  in  order  to  precipitate  the  iron. 

This  paper  Vas  taken  out  in  two  hours,  and  became  co- 
vered with  a fine  blue  on  adding  a little  muriatic  acid. 

Carbonic  acid,  then,  has  the  property  of  separating  the 
colouring  matter  from  alkali  without  decomposing  it. 

He  found  also  that  other  acids  produce  the  same  ef- 
fect. Hence  he  concluded  that  the  colouring  matter 
might  be  obtained  in  a separate  state.  Accordingly  he 
made  a great  many  attempts  to  procure  it  in  that  state, 
and  at  last  hit  upon,  the  following  method,  which  suc- 
ceeds perfectly. 

Mix  together  ten  parts  of  prilssian  blue  in  powder,  p,rpara. 
five  parts  of  the  red  oxide  of  mercury,  and  thirty  parts 
of  water,  and  boil  the  mixture  for  some  minutes  in  a 
glass  vessel.  The  blue  colour  disappears,  and  the  mix- 
ture becomes  yellowish  green.  Pour  it  upon  a filter  , 
and  after  all  the  liquid  part  has  passed,  pour  ten  parts 
of  hot  water  through  the  filter  to  wash  the  residuum 
completely.  The  oxide  of  mercury  decomposes  prus- 
sian blue,  separates  its  colouring  matter,  and  forms 
with  it  a salt  soluble  in  water.  The  liquid  therefore 
which  has  passed  through  the  filter  contains  the  colour- 
ing matter  combined  with  mercury.  The  other  com- 
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iMvision’i.  Ponent  Parts  °P  prussian  blue,  being  insoluble,  do 

' v ' not  pass  through  the  filter.  Pour  this  mercurial  liquid 

upon  2^.  parts  of  clean  iron  filings,  quite  free  from  rust. 
Add  at  the  same  time  one  part  of  concentrated  sulphu- 
ric acid,  and  shake  the  mixture.  The  iron  filings  are 
dissolved,  and  the  mercury  formerly  held  ir.  solution  is 
precipitated  in  the  metallic  state.  The  cause  of  this 
sudden  change  is  obvious : The  iron  de-oxidizes  the 
mercury,  and  is  at  the  same  instant  dissolved  by  the 
sulphuric  acid,  which  has  a stronger  affinity  for  it  than 
the  colouring  matter  has.  There  remains  in  solution 
therefore  only  sulphat  of  iron  and  the  colouring  matter. 

Now  the  colouring  matter  being  volatile,  which  the 
sulphat  of  iron  is  not,  it  was  easy  to  obtain  it  apart  by 
distillation.  Accordingly  he  distilled  the  mixture  in  a 
gentle  heat : the  colouring  matter  came  over  by  the 
time  that  one-fourth  of  the  liquor  had  passed  into  the 
receiver.  It  was  mixed,  however,  with  a small  quanti- 
ty of  sulphuric  acid  ; from  which  he  separated  it  by 
distilling  a second  time  over  a quantity  of  carbonat  of 
lime.  1 he  sulphuric  acid  combines  with  the  lime  and 
remains  behind,  which  the  colouring  matter  cannot  do, 
because  carbonic  acid  has  a stronger  affinity  for  lime 
than  it  has.  Thus  he  obtained  the  colouring  matter  in 
a state  of  purity. 

Composi-  ^ remained  now  to  discover  its  component  parts.' 

non.  He  formed  a very  pure  prussian  blue,  which  he  distil- 

led, and  increased  the  fire  till  the  vessel  became  red. 
The  small  quantity  of  water  which  he  had  put  into  the 
receiver  contained  a portion  of  the  blue  colouring  mat- 
ter artd  of  ammonia  ; and  the  air  of  the  receiver  con- 
sisted of  azote,  carbonic  acid  gas,  and  the  colouring  mat- 
ter. He  concluded,  from  this  and  other  experiments. 
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that  the  colouring  matter  is  a compound  of  ammonia  and  Chap.  iv. 


oil.  But  when  he  attempted  to  verify  this  theory  by 
combining  together  ammonia  and  oil,  he  could  not  suc- 
ceed in  forming  colouring  matter.  This  obliged  him 
to  change  his  opinion  \ and  at  last  he  concluded  that 
the  colouring  matter  is  a compound  of  ammonia  and 
charcoal.  He  mixed  together  equal  quantities  of  pound- 
ed charcoal  and  potass,  put  the  mixture  into  a crucible, 
and  kept  it  red  hot  for  a quarter  of  an  hour : he  then 
added  a quantity  of  sal  ammoniac  in  small  pieces,  which 
he  pushed  to  the  bottom  of  the  melted  mixture,  kept  it 
in  the  fire  for  two  minutes  till  it  had  ceased  to  give  out 
vapours  of  ammonia,  and  then  threw  it  into  a quantity  of 
water.  The  solution  possessed  all  the  properties  of  the 
Prussian  alkali.  Thus  Mr  Scheele  succeeded  in  form- 
ing the  colouring  matter. 

This  colouring  matter  was  called  prussic  acid  by  Mor- 
veau  in  the  first  volume  of  the  chemical  part  of  the  E?i~ 
cyclopedic  Methodique ; an  appellation  which  is  now 
generally  received,  and  which  therefore  it  will  be  pro- 
per to  employ  in  the  remaining  part  of  this  Section. 

These  admirable  experiments  of  Scheele  were  repeat- 
ed and  carried  still  farther  by  Berthollet  in  1787  ; who 
applied  to  the  explanation  of  the  composition  of  the 
colouring  matter  the  light  which  had  resulted  from  his 
previous  experiments  on  the  component  parts  of  ammo- 
nia. This  illustrious  chemist,  scarcely  inferior  to 
Scheele  in  ingenuity  and  address,  ascertained,  in  the 
first  place,  that  the  phlogisticated  alkali  is  a triple  salt, 
composed  of  prussic  acid,  the  alkali,  and  oxide  of  iron  5 
that  it  may  be  obtained  in  octahedral  crystals  ; and  that 
when  mixed  with  sulphuric  acid,  and  exposed  to  the 
light;  it  lets  fall  a precipitate  of  prussian  blue.  His  next 


COMBUSTIBLE  ACIDS. 

I^vi^onV  °4ec<:  was  ascertain  the  component  parts  of  prussic 

*'  v 1 acid.  When  oxy- muriatic  acid  is  poured  into  prussic 
acid,  obtained  by  Scheele’s  process,  it  loses  its  oxygen, 
and  is  converted  into  common  muriatic  acid.  At  the 
same  time  the  prussic  acid  becomes  more  odorous  and 
more  volatile,  less  capable  of  combining  with  alkalies, 
and  precipitates  iron  from  its  solutions,  not  blue,  but 
green • lhus  prussic  acid,  by  combining  with  oxygen, 

acquires  new  properties,  and  is  converted  into  a new 
substance,  which  may  be  called  oxy-prussic  acid.  If 
more  oxy-muriatic  acid  gas  be  made  to  pass  into  prus- 
sic acid,  and  it  be  exposed  to  the  light,  the  prussic  acid 
separates  from  the  water  with  which  it  was  combined, 
and  precipitates  to  the  bottom  in  the  form  of  an  aro- 
matic oil ; which  heat  converts  into  a vapour  insoluble 
in  water,  and  incapable  of  combining  with  iron.  When 
the  green  precipitate,  composed  of  oxy-prussic  acid  and 
iron,  is  mixed  with  a pure  fixed  alkali,  the  oxy-prussic 
acid  is  decomposed,  and  converted  into  carbonat  of  am- 
monia. 

From  these  experiments,  Berthollet  concluded,  that 
prussic  acid  does  not  contain  ammonia  ready  formed  j 
but  that  it  is  a triple  compound  of  carbon,  hydrogen, 
and  azote,  in  proportions  which  he  was  not  able  to  as- 
certain. This  conclusion  has  been  still  farther  verified 
by  Mr  Clouet,  who  found,  that  when  ammoniacal  gas  is 
made  to  pass  through  a red  hot  porcelain  tube  contain- 
ing charcoal,  a quantity  of  prussic  acid  is  formed  *. 
This  experiment  does  not  succeed  unless  a pretty  strong 
.heat  be  applied  to  the  tube  f . 


f Jour,  de  I'Ecple  Polyiechn,  I.  iii.  436. 


* rd.nn.  de  dim.  xi  30. 
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Fourcroy  and  several  other  chemists  believe,  that  the  Chap,  iv. 
prussic  acid  contains  also  a portion  of  oxygen  in  its 
composition,  resting  chiefly  upon  an  experiment  of 
Vauquelin  *.  This  is  certainly  possible,  though  it  nas 
not  been  proved  \ and  the  experiments  of  Berthollet  ren- 
der it  somewhat  unlikely. 

Having  thus  traced  the  gradual  progress  of  philoso- 
phers in  ascertaining  the  nature  of  the  prussic  acid,  it 
only  remains  to  give  an  account  of  its  properties,  which 
were  first  examined  by  the  indefatigable  Scheele. 

Prussic  acid  obtained  by  Scheele’s  process  is  a colour-  Properties, 
less  liquid  like  water.  It  has  a strong  odour,  resembling 
that  of  the  flowers  of  the  peach,  or  of  bitter  almonds. 

Its  taste  is  sweetish,  acrid,  and  hot,  and  apt  to  excite 
cough.  It  does  not  alter  the  colour  of  vegetable  blues. 


* Vauquelin’s  experiments  were  as  follows: 

Exper.  I.  Put  into  a retort  ioo  parts  of  the  muriat  of  ammonia,  50 
parts  of  lime,  and  25  parts  of  charcoal  in  fine  powder ; adapt  to  the  re- 
tort a receiver  containing  a slight  solution  of  the  sulphat  of  iron,  and  im- 
merse into  it  the  beak  of  the  retort ; then  apply  a brisk  heat,  and  conti- 
nue the  action  of  the  fire  until  nothing  more  is  disengaged. 

Ex  per.  II.  Put  into  a retort  100  parts  of  the  muriat  of  ammonia,  50 
parts  of  semi-vitreous  oxide  of  lead,  and  25  parts  of  charcoal ; adapt  a re- 
ceiver containing  a solution  of  sulphat  of  iron,  and  proceed  as  before. 
Stir  well  the  liquors  contained  in  the  receivers,  and  expose  them  to  the 
sir  for  several  days,  in  order  that  the  combination  between  the  oxide  of 
iron  and  the  prussic  acid  may  be  perfect,  and  that  the  prussiat  of  iron 
may  absorb  as  much  oxygen  as  is  necessary  for  its  passing  to  the  state  of 
blue  prussiat,  and  for  its  being  proof  against  acids : then  pour  into  these 
liquors  equal  quantities  of  sulphuric  acid  well  diluted  with  water,  and 
you  will  have  prussian  blue,  the  quantities  of  which  will  be  as  one  to  six  ; 
that  is  to  say,  the  prussian  blue  of  the  experiment  in  which  Vauquelin 
employed  oxide  of  lead,  was  six  times  more  abundant  than  that  of  the  ex- 
periment in  which  he  employed  only  lime  to  disengage  the  aVunonia, 
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It  is  exceedingly  volatile,  and  evidently  capable  of  as- 
suming the  gaseous  form  ; though  it  has  never  been  ob- 
tained apart,  nor  examined  in  that  state.  At  a high 
temperature  (when  united  to  a base)  it  is  decomposed 
and  converted  into  ammonia,  carbonic  acid,  and  carbu- 
reted hydrogen  gas. 

It  unites  difficultly  with  alkalies  and  earths,  and  is 
separated  from  them  much  more  easily  than  from  me- 
tallic oxides.  Mere  exposure  to  the  light  of  the  sun,  or 
to  a heat  of  1 io°,  is  sufficient  for  that  purpose.  These 
combinations  are  decomposed  also  by  all  the  acids. 

It  has  no  action  on  metals,  but  it  unites  with  their 
oxides,  and  forms  with  them  salts,  which  are  almost  all 
insoluble,  if  we  except  prussiats  of  mercury  and  manga- 
nese. These  compounds  are  not  decomposed  by  acids. 
Yet  the  prussic  acid  is  not  capable  of  taking  the  metal- 
lic oxides  from  the  other  acids. 


Prussic  acid  has  a great  tendency  to  enter  into  triple 
compounds,  combining  at  once  with  an  alkali  and  a 
metallic  oxide  ; and  these  compounds  are  much  more 
permanent  and  difficult  to  decompose  than  its  single 
combinations. 

Affinities.  The  affinities  of  this  acid,  as  far  as  they  have  been 
ascertained,  are  as  follows  : 

Barytes  *, 

Strontian, 

' Potass, 

Soda, 

Lime, 

Magnesia, 

Ammonia. 


* Henry,  Nicholson’s  Journal , ii  i.x  71 
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It  does  not  seem  capable  of  combining  with  alumina.  Chap,  iv.^ 

This  acid  is  of  great  importance  to  the  chemist,  in  Precipitates 

rr  . . metallic  so- 

consequence  of  the  property  which  it  has  ot  forming  m-  iutions. 
soluble  compounds  with  metallic  oxides,  and  almost 
with  metallic  oxides  alone.  This  puts  it  in  our  power 
to  ascertain  the  presence  of  a metallic  body  held  in  so- 
lution. When  the  prussic  acid  is  dropt  in,  a precipitate 
appears  if  a metal  be»  present.  The  colour  of  this  pre- 
cipitate indicates  the  metal,  and  the  quantity  of  it  en- 
ables us  to  ascertain  the  quantity  of  metal  contained  in 
the  solution.  It  is  used  especially  to  indicate  the  pre- 
sence of  iron,  which  it  does  by  the  blue  colour  that  the 
solution  assumes  ; and  to  free  solutions  from  iron,  which 
it  does  by  precipitating  the  iron  in  the  form  of  prussian 
blue. 

It  is  evident,  however,  that  the  pure  prussic  acid  can- 
not be  employed  for  these  purposes,  because  it  is  ifica- 
ble  of  taking  metallic  oxides  from  other  acids.  It  is 
always  employed  combined  with  an  alkaline  or  earthy 
basis.  In  that  state  it  decomposes  all  metallic  salts  by 
a compound  affinity.  The  base  most  commonly  em- 
ployed is  potass  or  lime  ; and  indeed  it  is  most  usually 
employed  in  the  state  of  a triple  salt,  composed  of  prus- 
sic acid,  potass,  and  oxide  of  iron,  which  is  preferred, 
because  it  is  not  apt  to  be  decomposed  by  the  action  of 
the  atmosphere.  The  method  of  preparing  this  salt, 
and  the  precautions  necessary  in  employing  it,  will  be 
given  in  a subsequent  part  of  this  Work. 

Of  all  the  metallic  solutions  tried  by  Scheele,  pure 
prussic  acid  occasioned  only  a precipitate  in  three, 
namely, 

1.  Nitrat  of  silver  precipitated  white. 

2.  Nitrat  of  mercury  ....  black. 

3.  Carbonat  of  iron green  becoming  blue. 
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It  has  no  action  on  the  oxides  of 

Platinum.  4.  Lead.  7.  Manganese. 

2.  Iron.  5.  Bismuth.  8.  Arsenic  acid. 

3.  Tin.  6.  Antimony.  9.  Molybdic  acid. 

10.  Gold  precipitated  by  the  alkaline  carbonats  is  rerr*' 

dered  white  by  this  acid. 

£i.  It  disengages  carbonic  acid  from  the  oxide  of 
silver,  precipitated  by  the  same  alkalies  ; but  the  oxide 
remains  white. 


12.  It  dissolves  red  oxide  of  mercury,  and  forms  with 
it  a salt,  which  may  be  obtained  in  crystals. 

13.  Oxide  of  copper  precipitated  bycarbonat  of  potass 
effervesces  in  it,  and  acquires  a.  slight  orange-yellow  co- 
lour. 

14.  Oxide  of  iron  precipitated  from  the  sulphat  of 
iron  by  carbanat  of  potass,  effervesces  in  it,  and  becomes 
blud. 

15.  Oxide  of  cobalt  precipitated  by  the  same  alkalr, 
gives  in  it  some  marks  of  effervescence,  and  becomes 
yellowish  brown  *. 

The  compounds  which  prussic  acid  makes  with  zir- 
conia  f and  yttria  J,  seem  also  to  be  insoluble  ; for  these 
earths  are  precipitated  from  their  solutions  by  prussiat 
of  potass  •,  a circumstance  in  which  they  differ  from  all 
the  other  earths  and  alkalies,  and  which  indicates  a coin- 
cidence between  them  and  the  metallic  oxides. 


* Scheele,  ii.  169. 

t Vauquclin,  Ann.  de  CLim.  xxxvi.  158. 


f Klaproth. 
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GENERAL  REMARKS. 

eTh  e preceding  Sections  of  this  Chapter  contain  an 
-account  of  all  the  acids  at  present  known,  except  four  j 
which  for -obvious  reasons  have  been  referred  to  other 
parts  of  this  Work.  The  first  of  these  four,  sulphur et- 
ed  hydrogen , has  been  already  described,  and  its  nature 
will  be  still  farther  investigated  in  the  second  Division 
of  this  Book.  The  other  three,  namely,  the  uric,  rosa~ 
cic,  and  amniotic , are  never  employed  as  instruments  of 
analysis.  Their  acid  characters  are  ambiguous,  and 
their  properties  have  been  but  imperfectly  investigated. 
It  appeared  better,  therefore,  to  reserve  them  till  we 
came  to  treat  of  those  animal  substances  in  which  they 
are  found. 

2.  Several  acids  usually  described  by  chemists  will 
not  be  found  in  the  preceding  Sections,  because  their 
peculiar  nature  has  been  destroyed  by  the  more  precise 
investigations  of  modern  analysts.  Formic  acid,  obtain- 
ed by  infusing  that  species  of  ants  called  formica  rufa 
in  water,  is  a mixture  of  acetic  and  malic  acids*.  Zoo- 
nic  acid,  obtained  by  Berthollet  during  the  distillation 
of  the  gluten  of  wheat,  the  yeast  of  beer,  bones,  woollen 
rags,  &c.  is  merely  acetic  acid  holding  in  solution  an 
animal  matter  resembling  oilf.  Pyromucous, pyrotar- 


* Fourcroy  and  Vauquclin,  Phil.  Mag.  xv.  148. 
j Thcnard,  Ann.  de  Lbim.  xjiii.  l}6. 
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taro  us,  and  pyrolignous  acids,  obtained  by  the  distilla. 
tion  of  sugar,  tartar,  and  wood,  are  likewise  acetic  acid 
holding  in  solution  a portion  of  empyreumatic  oil*. 

3.  i he  acids  at  present  known,  if  we  except  the  four 
which  remain  to  be  described,  amount  to  32.  Of  these, 
one,  the  muriatic,  possesses  the  characters  of  a simple 
substance ; seven  are  products  of  combustion  ; and 
eight  supporters  of  combustion.  The  remaining  six- 
teen  are  combustible.  Oxygen  is  essential  to  the  acidi- 
ty of  the  products  and  supporters.  The  combustible 
acids  almost  all  contain  it ; but  it  cannot  be  shewn  to 
be  essential  to  their  acidity,  as  we  have  reason  to  believe 
that  some  of  them  are  destitute  of  it  altogether.  It  has 
been  usual  with  chemists  to  divide  the  combustible 
acids  into  vegetable  and  animal,  because  most  of  them 
are  obtained  from  the  vegetable  and  animal  kingdoms. 
Sev  ral  of  the  other  acids  have  been  denominated  mine- 
ral for  a similar  reason. 

4.  Let  us  take  a general  view  of  all  the  acids,  in  orT 
der  to  ascertain  in  what  degree  each  of  them  possesses 
those  properties  which  are  considered  as  characterizing 
acid  bodies.  These  properties  are,  r.  An  acid  taste; 

2.  The  power  of  converting  vegetable  blues  to  red  ; 

3.  Solubility  in  water;  4.  The  property  of  forming 
salts. 

All  the  acuis  l)3vc  a sour  taste  except  the  oxymtiTzcim 
tic  and  the  prussic , the  tungstic  and  the  columbic.  In 
several  the  acidity  is  mixed,  and  even  almost  concealed 
by  some  other  more  powerful  taste.  But  this  will  be 
best  understood  by  inspecting  the  following  Table. 


* Fourcroy  and  Vauquelin,  Ann.  de  Chim . xxxv,  130 
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Acids. 

Taste. 

Tungstic 

Colurhbic 

None 

Prussic 

Benzoic 

Hot  and  acrid 

Oxymuriatic 

Astringent 

Gallic 

Succinic 

Acid,  astringent 

Arsenic 

Molybdic 

Chromic 

Acid,  metallic 

Boracic 

Camphoric 

Suberic 

Acid,  bitter 

Sulphurous 

Acid,  sulphureous 

Sulphuric 

Phosphoric 

Phosphorous 

Nitric 

Muriatic 

Fiuoric 

Acetic 

Oxalic 

Tartaric 

Citric 

Malic 

Lactic 

Acid,  strong 

Carbonic 

Mellitic 

Sebacic 

Sacia_tic 

Acid,  weak 
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All  the  acids  are  destitute  of  smell,  excepting 


Acids. 

Smell. 

1 Sulphurous 

Sulphureous 

Phosphorous 

Phosphureted  hydrogen 

Muriatic 

Fluoric 

Muriatic  acid 

Oxymuriatic 

Aqua  regia 

Hyperoxymuriatic 

Nitrous  gas 

Nitric 

Acetic 

Vinegar 

Succinic  * 

Distilled  nutgalls 

Camphoric 

Saffron 

Benzoic  * 

Benzoin 

Prussic 

Bitter  almonds 

Carbonic  acid,  though  a gas,  has  no  smell  whatever. 

6.  All  the  acids  convert  vegetable  blues  to  red,  if  we 
except  the  prussic  ; but  they  differ  exceedingly  in  the. 
extent  to  which  they  possess  this  property.  The  great- 
er number  convert  almost  all  vegetable  blues  (except 
indigo^)  to  red  ; while  some,  the  carbonic  for  instance, 
only  act  upon  the  most  delicate,  as  the  tincture  of  turn- 
sole. The  cause  of  this  change  of  colour  has  not  been 


* In  these  two  the  odour  is  accidental,  and  owing  to  an  oiL 
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Ascertained.  In  many  cases  it  seems  to  be  in  conse- 
quence of  the  saturation  of  an  alkaline  or  earthy  sub- 
stance which  was  previously  combined  with  the  colour- 
ing matter.  This  is  the  case  evidently  with  respect  to 
litmus.  If  this  held  always,  the  conversion  of  vege- 
table blues  into  red  would  be  merely  a consequence  of 
the  affinities  between  acids  and  alkaline  bodies,  and  of 
the  superior  affinity  which  they  have  for  them. 

7.  All  the  acids  are  soluble  in  water  •,  but  in  this  re- 
spect also  they  differ  exceedingly  from  each  other.  Two 
of  them  are  so  soluble  in  water,  that  they  have  never 
been  obtained  except  in  combination  with  that  liquid. 
These  are, 

1.  Sulphuric, 

2.  Nitric. 

The  rest  may  be  obtained  either  in  the  state  of  gas,  or 
in  a solid  or  crystallized  form.  Seven  of  them  are 
gases,  which  are  readily  absorbed  by  water  to  a certain 
amount  j after  which  the  water  being  saturated  refuses 
to  absorb  any  more.  The  weight  of  each  absorbed  by 
loo  parts  of  water  may  be  seen  in  the  following  Table. 


1.  Muriatic ioo.co 

2.  Sulphurous 9-75* 

* 3.  Carbonic 0.18 

4.  Oxymuriatic unknown 

5.  Hyperoxymuriatic unknown 

6.  Fluoric unknown 

7.  Prussic unknown 


The  weight  of  the  remaining  acids,  when  solid  or' 


• This  is  the  result  of  my  own  experiments.  It  differs  considerably 
from  the  estimates  of  Fourcroy  and  of  Priestley,  given  in  the  second  Sec- 
tion of  this  Chapter. 
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crystallized,  soluble  in  ioo  parts  of  water,  is  exhibited 
in  the  following  Table. 

Phosphoric 
Phosphorous 
Acetic 
Tartaric 
Malic 
Lactic 

Arsenic 152  parts 

Citric 133 

Oxalic 50 


Very  soluble,  proportion 
not  determined. 


Gallic 

8-4 

Boracic 

Saclactic 

Succinic 

Suberic 

Camphoric 

Benzoic 

Molybdic 

All  the  acids  are  more  or  less  soluble  in  alcohol,  ex- 
cept phosphoric  acid  and  the  metallic  acids.  The  sul- 
phuric,  nitric,  and  oxymuriatic,  as  we  shall  see  after- 
wards, have  the  property  of  decomposing  alcohol. 

8.  All  the  acids  are  capable  of  combining  with  alka- 
lies, earths,  and  metallic  oxides,  and  of  forming  with 
them  compounds  known  by  the  name  of  salts.  No 
substance  which  wants  this  property  ought  to  be  con- 
sidered as  an  acid*.  But  this  property  alone  is  not 
sufficient  to  distinguish  acids  from  other  bodies  ; be- 
cause many  substances  possess  it  which  have  been  un- 


• Therefore  orynuiriatic  acid  should  be  reckoned  an  oxide. 
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flnimously  excluded  from  the  class  of  acids  ; the  great- 
er number  of  metallic  oxides,  for  instance,  and  ni- 
trous oxide  gas.  It  is  true,  indeed,  that  the  salts 
which  these  last  bodies  form  with  alkalies  and  earths 
have  not  been  much  examined ; but  it  is  no  less  certain 
that  they  exist. 

9.  The  two  first  classes  of  acids,  as  far  as  is  known 
at  present,  are  more  simple  than  the  third ; as  the  acids 
belonging  to  them  contain  only  two-  ingredients  each, 
whereas  the  combustible  acids  contain  three  or  even 
four  constituent  parts.  These  last  are  composed  chief- 
ly of  oxygen,  hydrogen,  and  carbon.  Hence  the  rea- 
son that  several  of  them  may  be  converted  into  others 
by  the  action  of  nitric  acid.  This  acid  alters  the  pro- 
portion of  their  ingredients,  either  by  abstracting  part 
of  their  carbon  and  hydrogen,  or  by  communicating 
oxygen  ; or  by  both  together.  But  it  is  impossible  to 
explain  precisely  what  these  changes  actually  amount 
to,  without  being  acquainted  with  the  component  parts 
of  every  combustible  acid,  the  manner  in  which  these 
component  parts  are  combined,  and  the  affinities  which 
exist  between  each  of  them.  This,  however,  is  very 
far  from  being  the  case  at  present.  Though  a vast  num- 
ber of  experiments  have  been  made  on  purppse  to  throw 
light  on  this  very  point,  the  difficulties  which  were  to 
be  encountered  have  been  so  great,  that  no  accurate  re- 
sults have  yet  been  obtained.  All  that  is  known  at 
present  is  an  approximation  towards  the  component 
parts  of  three  acids.  This  may  be  seen  in  the  follow- 
ing Table. 
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Acids. 

Oxygen. 

Carbon. 

Hydrogen. 

Acetic 

50.19 

35-87 

II.94 

Oxalic 

77 

13 

IO 

Tartaric 

70.5 

18 

I0.5 

It  was  some  time  ago  supposed  by  chemists,  that  each 
of  these  acids  was  composed  of  a peculiar  compound 
base  or  radical,  combined  with  oxygen.  The  radical 
was  supposed  to  be  a combination  of  carbon  and  hydro- 
gen ; but  no  proof  whatever  has  been  givCn  of  the 
truth  of  this  opinion,  nor  has  the  smallest  evidence  been 
produced  that  any  such  radicals  exist.  It  is  much  more 
probable  that  all  the  ingredients  of  the  acids  are  com- 
bined together,  and  constitute  a triple  combination. 
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OF  COMPOUND  COMBUSTIBLES. 


1 HE  compound  combustibles  are  almost  all  composed 
of  carbon  and  hydrogen,  or  of  carbon,  hydrogen*  and 
oxygen.  They  are  a very  numerous  class  of  bodies, 
comprehending  the  greater  number  of  animal  and  ve- 
getable substances,  and  of  the  products  obtained  from 

these  substances.  But  the  present  state  of  chemistry  Number  of 
, • ii*i  compound 

does  not  permit  us  to  take  the  term  in  that  comprehen-  Combusti- 

slve  sense  : The  investigation  of  vegetable  and  animal  bles- 
bodies  is  too  incomplete  * their  properties  are  too  im- 
perfectly known  to  allow  us  to  introduce  them  into  the 
first  principles  of  the  science  * and  the  utility  of  the 
greater  number  of  them  as  chemical  instruments  is  too 
inconsiderable  to  warrant  any  such  introduction*  even 
if  their  properties  were  completely  investigated.  For 
these  reasons,  it  will  be  proper  to  treat  in  this  Chapter 
of  those  compound  combustibles  only  which  are  em- 
ployed in  chemistry  as  instruments  of  investigation,  re- 
serving the  remainde*  for  the  Second  Part  of  this  Work, 

These  may  be  reduced  under  five  classes*  namely, 

1.  Fixed  oils*  » 4.  Ether, 

2.  Volatile  oils,  5.  Tati. 

3.  Alcohol, 

These  shall  form  the  subject  of  the  following 
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SECT.  I. 

OF  FIXED  OILS. 

Oil,  which  is  of  such  extensive  utility  in  the  arts,  was 
known  at  a very  remote  period.  It  is  mentioned  in 
Genesis,  and  during  the  time  of  Abraham  was  even 
used  in  lamps*.  The  olive  was  very  early  cultivated, 
and  oil  extracted  from  it  in  Egypt.  Cecrops  brought 
it  from  Sais,  a town  in  Lower  Egypt,  where  it  had 
been  cultivated  from  time  immemorial,  and  taught  the 
Athenians  to  extract  oil  from  it.  In  this  manner  the 
use  of  oil  became  known  in  Europe  f.  But  the  Greeks 
seem  to  have  been  ignorant  of  the  method  of  procuring 
light  by  means  of  lamps  till  after  the  siege  of  Troy  ; at 
least  Homer  never  mentions  them,  and  constantly  de- 
scribes his  heroes  as  lighted  by  torches  of  wood.  There 
are  two  classes  of  oils  exceedingly  different  from  each 
other;  namely,  fixed  oils  and  volatile  oils. 

Fixed  oils,  which  form  the  subject  of  this  Section, 
are  distinguished  by  the  following  characters  : 

1.  Liquid,  or  easily  become  so  when  exposed  to  a 
gentle  heat. 

2.  An  unctuous  feel. 

3.  Very  combustible. 

4.  A mild  taste. 

5.  Boiling  point  not  under  600 °. 


# Gen.  xv.  17. 


f Herodot.  lib.  ii.  59.  and  62. 
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6.  Insoluble  in  water  and  alcohol. 
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7.  Leave  a greasy  stain  upon  paper. 

These  oils,  which  are  called  also  fat  or  expressed  oils,  ^para' 
are  numerous,  and  are  obtained,  partly  from  animals 
and  partly  from  vegetables,  by  simple  expression.  As 
instances,  may  be  mentioned  whale  oil  or  train  oil,  ob- 
tained from  the  blubber  of  the  whale;  olive  oil,  obtain- 
ed from  the  fruit  of  the  olive  ; linseed  oil  and  almond 
oil,  obtained  from  linseed  and  almond  kernels.  Fixed 
oils  may  also  be  extracted  from  poppy  seeds,  hemp  seeds, 
beech  mast,  and  many  other  vegetable  substances. 

It  deserves  attention,  that  the  only  part  of  vegetables 
in  which  fixed  oils  are  found  is  the  seeds  of  bicotyledi- 
nous  plants  *.  In  animals  they  are  most  usually  depo- 
sited in  the  liver,  though  they  are  found  also  in  the  eggs 
of  fowls. 

All  these  oils  differ  from  each  other  in  several  parti-* 
culars,  but  they  also  possess  many  particulars  in  com- 
mon. Whether  the  oily  principle  in  all  the  fixed  oils  is 
the  same,  and  whether  they  owe  their  differences  to  ac- 
cidental ingredients,  is  not  yet  completely  ascertained, 
as  no  proper  analysis  has  hitherto  been  made  ; but  it 
is  not  improbable,  as  all  the  oils  hitherto  tried  have 
been  found  to  yield  the  same  products.  In  the  present 
state  of  our  knowledge,  it  would  be  useless  to  give  a 
particular  description  of  all  the  fixed  oils,  as  even  the 
differences  between  them  have  not  been  accurately  as- 
certained. 

Fixed  oils  are  considered  at  present  as  composed  of  Composi- 
bydrogen  and  carbon.  Lavoiser  analysed  olive  oil  by  U°n' 


* Fourcroy,  vii.  319. 
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I>ivi?ion*i.  burning  a given  portion  of  it  in  oxygen  gas,  by  mean3 
1 tbc  apparatus  represented  by  fig.  13.  which  will  be 
^escribed  in  a subsequent  Section.  During  the  com- 
bustion there  was  consumed 

Of  oil  ........  15.79  grains  troy 

Of  oxygen  gas  ....  50.86 

Total  . . 66.65 

The  products  were  carbonic  acid  and  water.  The  car- 
bonic acid  obtained  amounted  to  44-50  grains  ; the 
weight  of  the  water  could  not  be  accurately  ascertain- 
ed ; but  as  the  whole  of  the  substances  consumed  were 
converted  into  carbonic  acid  gas  and  water,  it  is  evi- 
dent, that  if  the  weight  of  the  carbonic  acid  be  sub- 
tracted from  the  weight  of  these  substances,  there  must 
remain  precisely  the  weight  of  the  water.  Mr  Lavoi- 
sier accordingly  concluded,  by  calculation,  that  the 
weight  of  the  water  was  22. 15  grains.  Now  the  quan- 
tity of  oxygen  in  44.50  grains  pf  carbonic  acid  gas  is 
32.04  grains,  and  the  oxygen  in  22.15  grains  of  water 
is  1 8.8  a grains  ; both  of  which  taken  together  amount 
to  50.86  grains,  precisely  the  weight  of  the  oxygen  gas 
employed. 

The  quantity  of  charcoal  in  44.50  grains  of  carbonic 
acid  gas  is  12.47  grains;  and  the  quantity  of  hydrogeq 
in  22.1  5 grains  of  water  is  3.32  grains  ; both  of  which, 
when  taken  together,  amount  to  15.79  grains,  which  is 
the  weight  of  the  oil  consumed. 

It  follows,  therefore,  from  this  analysis,  that  15.7$ 
grains  of  olive  oil  are  composed  of 
12.47  carbon 
3.32  hydrogen. 
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Olive  oil  therefore  is  composed  of  about  chaP-  v- 

■ 

79  carbon 
2i  hydrogen 

- ioo* 

This,  however,  can  only  be  considered  as  a very  im- 
perfect approximation  towards  the  truth. 

Fixed  oil  is  usually  a liquid  with  a certain  degree  of  Properties, 
viscidity,  adhering  to  the  sides  of  the  glass  vessels  in 
which  it  is  contained,  and  forming  streaks-)-.  It  is  never 
perfectly  transparent,  having  always  a certain  degree 
of  colour  i most  usually  it  is  yellowish  or  greenish. 

Its  taste  is  sweet,  or  nearly  insipid.  When  fresh,  it 
has  little  or  no  smell.  Its  specific  gravity  varies  from 
0.9403  (the  specific  gravity  of  linseed  oil)  to  0.9153 
(the  specific  gravity  of  olive  oilj. 

Fixed  oil  is  insoluble  in  water.  When  the  two  li- 
quids are  agitated  together,  the  water  loses  its  transpa- 
rency, and  acquires  the  white  colour  and  consistency  of 
milk.  This  mixture  is  known  by  the  name  of  emulsion. 

When  allowed  to  remain  at  rest,  the  oil  soon  separates, 
and  swims  upon  the  surface  of  the  water. 

Fixed  oil  does  not  evaporate  till  it  be  heated  to  about 
6oo°.  At  that  temperature  it  boils,  and  may  be  di- 
stilled over  ; but  it  is  always  somewhat  altered  by  the 
process.  Some  water  and  sebacic  acid  seem  to  be  form- 
ed, a little  charcoal  remains  in  the  retort,  and  the  oil 
obtained  is  lighter,  more  fluid,  and  has  a stronger  taste 
than  before.  Oil,  thus  distilled,  was  formerly  distin- 
guished by  the  name  of  philosophical  oil. 


* Mem.  Pur.  1784,  and  Jour,  de  Pbys.  for  1787,  July, 
t Sometimes  it  is  nearly  solid,  or  of  the  consistence  of  butter, 
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I^vis^nY  Fi'>-ed  oil,  when  in  the  state  of  vapour,  takes  fire  otj 
u— y- / the  approach  of  an  ignited  body,  and  burns  with  a yel- 

lowish white  flame.  It  is  upon  this  principle  that  can- 
dles and  lamps  burn.  The  tallow  or  oil  is  first  con- 
verted into  the  state  of  vapour  in  the  wick  ; it  then 
takes  fire,  and  supplies  a sufficient  quantity  of  heat  to 
convert  more  oil  into  vapour;  and  this  process  goes  on 
while  any  oil  remains.  The  wick  is  necessary  to  pre- 
sent a sufficiently  small  quantity  of  oil  at  once  for  the 
heat  to  act  upon.  If  the  heat  were  sufficiently  great  to 
keep  the  whole  oil  at  the  temperature  of  6oo°,  no 
wick  would  be  necessary,  as  is  obvious  from  oil  catch- 
ing  fire  spontaneously  when  it  has  been  raised  to  that 
temperature. 

When  exposed  to  the  action  of  cold,  fixed  oils  lose 
their  fluidity,  and  are  converted  into  ice  ; but  this 
change  varies  exceedingly  in  different  oils. 

Action  of  When  fixed  oils  are  exposed  to  the  open  air  or  to 
oxygen  gas,  they  undergo  different  changes  according 
to  the  nature  of  the  oil. 

Drying  oils.  I.  Some  of  them  dry  altogether,  without  losing  their 
transparency,  when  thin  layers  of  them  are  exposed  to 
the  atmosphere.  These  are  distinguished  by  the  name 
of  drying  oils,  and  are  employed  by  painters.  Linseed 
oil,  nut  oil,  poppy  oil,  and  hempseed  oil,  possess  this 
property;  but  linseed  oil  is  almost  the  only  one  of  these 
liquids  employed  in  this  country  as  a drying  oil.  The 
cause  of  this  peculiarity  has  not  been  completely  inves- 
tigated. But  it  is  well  known  that  these  oils  possess 
the  drying  quality  at  first  but  imperfectly.  Before 
they  can  be  employed  by  painters,  they  must  be  boiled 
with  a little  litharge.  During  this  operation  the  litharge 
is  partly  reduced  to  the  metallic  state.  Hence  it  has 
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been  conjectured  that  drying  oils  owe  their  peculiar  pro- 
perties to  the  action  of  oxygen  ; which  is  supposed  ei- 
ther to  constitute  one  of  their  component  parts,  or  to 
convert  them  into  drying  oils  by  diminishing  their  hy- 


Chap.  V. 


drogen.  i 

2.  Other  fixed  oils,  when  exposed  to  the  atmosphere, 
gradually  become  thick,  opaque,  and  wdiite,  and  assume 
an  appearance  very  much  resembling  wax  or  tallow. 
These  have  been  distinguished  by  the  term  fat  oils. 
Olive  oil,  oil  of  sweet  almonds,  of  rapeseed,  and  of  ben, 
belong  to  this  class. 

When  oil  is  poured  upon  -water,  so  as  to  form  a thin 
layer  on  its  surface,  and  is  in  that  manner  exposed  to 
the  atmosphere,  these  changes  are  produced  much  soon- 
er. Berthollet,  who  first  examined  these  phenomena 
with  attention,  ascribed  them  to  the  action  of  light:  but 
S.ennebier  observed  that  no  such  change  was  produced 
on  the  oil  though  ever  so  long  exposed  to  the  light,  pro- 
vided atmospherical  air  was  excluded;  but  that  it  took 
place  on  the  admission  of  oxygen  gas,  whether  the  oil 
was  exposed  to  the  light  or  not*.  It  cannot  be  doubt- 
ed, then,  that  it  is  owing  to  the  action  of  oxygen.  It  is 
supposed  at  present  to  be  the  consequence  of  the  simple 
absorption  of  oxygen  and  its  combination  with  the  oils. 

3.  Both  these  classes  of  oils,  when  exposed  in  consi- 
derable quantity  to  the  action  of  the  atmosphere,  under- 
go another  change,  well  known  under  the  name  of  ran- 
cidity. But  the  fat  oils  become  rancid  much  more  rear 
dily  than  the  drying  oils.  Rancid  oils  are  thick,  have 
usually  a brown  colour,  convert  vegetable  blues  to  red. 


Fat  oils. 


Rancidity, 


* Ann.  dc  Chim.  xi.  89. 
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and  have  the  smell  and  taste  of  sebacic  acid.  During^ 
the  change  which  they  undergo,  some  drops  of  water 
also  appear  on  their  surface.  The  rancidity  of  oils 
then  is  owing  to  the  formation  of  a quantity  of  acid 
in  them.  This,  together  with  the  water,  is  evidently 
the  consequence  of  a partial  decomposition*. 

Fixed  oils  readily  dissolve  sulphur  when  assisted  by 
heat.  The  solution  assumes  a reddish  colour.  When 
distilled,  there  comes  over  a great  quantity  of  sulphure- 
ted  hydrogen  gas..  When  the  solution  is  allowed  to  cool, 
the  sulphur  is  deposited  in  crystals.  By  this  process 
Pelletier  obtained  sulphur  in  regular  octahedrons. 

They  likewise  dissolve  a small  proportion  of  phos- 
phorus when  assisted  by  heat.  These  oily  phosphurets 
emit  the  odour  of  phosphureted  hydrogen,  and  yield, 
when  distilled,  a portion  of  that  gas.  When  rubbed  in 
the  open  air,  or  when  spread  upon  the  surface  of  other 
bodies,  they  appear  luminous  in  consequence  of  the  com- 
bustion of  the  phosphorus.  When  hot  oils  saturated 
with  phosphorus  are  allowed  to  cool,  the  phosphorus 
crystallizes  in  octahedrons,  as  Pelletier  ascertained. 

Charcoal  has  no  sensible  action  on  fixed  oils  ; but 
when  they  are  filtered  through  charcoal  powder,  they 
are  rendered  purer,  the  charcoal  retaining  their  impu- 
rities. Neither  hydrogen  nor  azotic  gas  have  any  ac- 
tion on  fixed  oils. 

Fixed  oils  have  scarcely  any  action  upon  metals;  but 
they  combine  with  several  metallic  oxides,  and  form 
compounds  known  by  the  name  ot  plasters. 

They  combine  likewise  with  alkalies  and  earths,  aad, 


* fourcroy,  vii.  328.  The  acid  is  probably  the  acetic.. 
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form  with  them  compounds  called  soaps.  The  fat  oils 
enter  into  these  combinations  much  more  readily  than 
the  drying  oils. 

Fixed  oils  absorb  nitrous  gas  in  considerable  quanti- 
ty, and  at  the  same  time  become  much  thicker  and  spe- 
cifically heavier  than  before*. 

Sulphuric  acid  decomposes  fixed  oils,  at  least  when 
concentrated.  It  renders  them  first  thick  and  of  a 
brown  colour ; then  water  is  formed,  charcoal  precipi- 
tated, and  an  acid  formed  f.  Nitric  acid  renders  them 
thick  and  viscid.  When  nitrous  acid  is  poured  upon 
the  drying  oils,  it  inflames  them  without  addition ; but 
it  does  not  produce  that  effect  upon  the  fat  oils,  unless 
it  be  mixed  with  a portion  of  sulphuric  acid. 

7 he  affinities  of  fixed  oils  are  as  follows  : 

Lime, 

Barytes, 

Fixed  alkalies, 

Magnesia, 

Ammonia, 

Oxide  of  mercury, 

Other  metallic  oxides. 

Alumina. 

The  importance  of  fixed  oils  is  well  known.  Some 
of  them  are  employed  as  seasoners  of  food  j some  are 
burnt  in  lampa  ; some  form  the  basis  of  soap ; not  to 
mention  their  utility  in  painting,  and  the  many  other 
*mportant  purposes  which  they  serve. 
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* Priestley,  i.  378. 
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SECT.  II. 

OF  VOLATILE  OILS. 

"Volatile  oils,  called  also  essential  oils,  are  distin- 
guished by  the  following  properties  : 

Characters.  i.  Liquid;  often  almost  as  liquid  as  water;  some, 
times  viscid. 

2.  Very  combustible. 

3.  An  acrid  taste  and  a strong  fragrant  odour. 

4.  Boiling  point  not  higher  than  2120. 

5.  Soluble  in  alcohol  ; and  imperfectly  in  water. 

6.  Evaporate  without  leaving  any  stain  on  paper. 

Ly  this  last  test  it  is  easy  to  discover  whether  they  have 
been  adulterated  with  any  of  the  fixed  oils.  Let  a drop 
of  the  volatile  oil  fall  upon  a sheet  of  writing  paper,  and 
then  apply  a gentle  heat  to  it.  If  it  evaporates  without 
leaving  any  stain  upon  the  paper,  the  oil  is  pure  ; but  if 
it  leaves  a stain,  it  has  been  contaminated  with  some 
fixed  oil  or  other. 

Prcpara-  Volatile  oils  are  almost  all  obtained  from  vegetables 

tiou.  j , O * 

and  they  exist  in  every  part  of  plants  ; the  root,  the 
baik,  the  wood,  the  leaves,  the  flower,  and  even  the 
fruit,  though  they  are  never  found  in  the  substance  of 
the  cotyledons  ; whereas  the  fixed  oils,  on  the  contrary, 
are  almost  always  contained  in  these  bodies*. 

( When  the  volatile  oils  are  contained  in  great  abun- 


^ourcroy,  vii.  3 ja. 


Volatile  oil*. 


dance  in  plants,  they  are  sometimes  obtained  by  simple  , chaP-  v- 
expression.  This  is  the  case  with  the  oil  of  oranges, 
of  lemons,  and  of  bergamotte  ; but  in  general  they  can 
only  be  obtained  by  distillation.  The  part  of  the  plant 
containing  the  oil  is  put  into  a still  with  a quantity  of 
water,  which  is  distilled  off  by  the  application  of  a mo- 
derate heat.  The  oil  comes  over  along  with  the  water, 
and  swims  upon  its  surface  in  the  receiver.  By  this  pro- 
cess are  obtained  the  oil  of  peppermint,  thyme,  lavender, 
and  a great  many  others,  which  are  prepared  and  em- 
ployed by  the  perfumer  Others  are  procured  by  the 
distillation  of  resinous  bodies.  This  is  the  case  in  par- 
ticular with  oil  of  turpentine,  which  is  obtained  by  dis- 
tilling a kind  of  resinous  juice,  called  turpentine,  that 
exudes  from  the  juniper. 

The  greater  number  of  volatile  oils  are  liquid,  and  pr0pert;e5 
some  of  them  are  as  transparent  and  colourless  as  wrater. 

This  is  the  case  wuth  the  oil  of  turpentine.  But  for  the 
most  part  they  are  coloured.  Some  of  them  are.  yellow, 
as  the  oil  of  lavender  j some  brown,  as  the  oil  of  rho- 
dium ; some  blue,  as  the  oil  of  camomile : but  the 
greater  number  of  volatile  oils  are  yellow  or  reddish 
brown. 

Their  odours  are  so  various  as  to  defy  all  description. 

It  is  sufficient  to  say,  that  all  the  fragrance  of  the  vege- 
table kingdom  resides  in  the  volatile  oils.  Their  taste 
is  always  acrid,  hot,  and  exceedingly  unpleasant.  Their 
specific  gravity  is  for  the  most  part  less  than  that  of 
water  but  some  volatile  oils,  as  those  of  canella  and 
sassafras,  are  heavier  than  water.  The  specific  gravity 
of  the  volatile  oils  varies  from  0.8697  to  1.0439*. 


* Fourcroy,  vii,  362. 
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Water  dissolves  a small  portion  of  volatile  oils*  and 
acquires  the  odour  and  the  taste  of  the  oil  which  it 
holds  in  solution. 

When  heated,  they  evaporate  very  readily  and  with-J 
out  alteration.  They  are  much  more  combustible  than 
fixed  oils,  owing  to  their  greater  volatility.  They  burn 
wJth  a fine  bright  white  flame,  exhale  a great  deal  of 
smoke,  deposite  much  soot*  and  consume  a greater  pro- 
portion of  the  oxygen  of  the  atmosphere  than  fixed 
oils.  The  products  of  their  combustion  are  water  and 
carbonic  acid  gas.  From  these  facts  it  has  been  con- 
cluded that  they  are  composed  of  the  same  ingredients 
as  the  fixed  oils,  but  that  they  contain  a greater  pro- 
portion of  hydrogen  *. 

When  exposed  to  the  action  of  cold  they  congeal  like 
the  fixed  oils  ; but  the  temperature  necessary  to  produce 
this  effect  varies  according  to  the  oil.  Some  of  them, 
as  oil  of  anise  and  of  fennel,  become  solid  at  the  tem- 
perature of  50°  : frozen  oil  of  bergamot  and  of  canella 
become  liquid  at  23°;  oil  of  turpentine  at  140  f.  Mar- 
gueron  exposed  several  volatile  oils  to  a cold  of  — 17°. 
They  congealed  or  rather  crystallized  partially,  and  at 
the  same  time  emitted  an  elastic  fluid.  These  crystals 
consisted  partly  of  the  oils  themselves,  partly  of  other 
substances.  Some  of  them  had  the  properties  of  benzoic 
acid|. 

Volatile  oils,  when  exposed  to  the  action  of  light  in 


* Proust  has  observed,  that  a quantity  of  volatile  oil  is  formed  when 
cast  iron  is  dissolved  in  sulphuric  or  muriatic  acid.  It  exhales  in  combi- 
nation with  the  hydrogen  gas  which  is  emitted.  Hence  the  disagreeable 
odour  of  that  gas.  Jour,  de  Phjs.  xlix.  155. 

i MargUeror,  Jour,  do  Phys.  xlv.  136.  J Ibid, 
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tlose  vessels,  and  excluded  from  common  air,  undergo  , chaP- v- 
very  singular  changes.  Their  colour  becomes  deeper, 
they  acquire  a great  deal  of  consistency,  and  their  spe- 
cific gravity  is  considerably  increased.  The  cause  of 
these  changes  is  but  imperfectly  known.  Tingry,  to 
whom  we  are  indebted  for  these  interesting  researches, 
has  proved  that  light  is  a necessary  agent.  It  was  sup- 
posed formerly  that  they  were  occasioned  by  the  ab- 
sorption of  oxygen  j and  when  oxygen  is  present,  it 
has  been  ascertained  that  it  is  absorbed  : but  Tingry  has 
proved  that  the  same  changes  go  on  when  oxygen  is 
excluded.  This  philosopher  ascribes  them  to  the  fixa- 
tion of  light.  If  this  be  the  real  cause,  the  quantity  of 
light  filled  must  be  enormous.  For  as  the  specific  gravity 
of  the  oils  is  increased  considerably  while  the  bulk  con- 
tinues the  same,  it  is  evident  that  the  absolute  weight 
must  be  increased  proportionably.  One  circumstance, 
however,  renders  this  conclusion  somewhat  doubtful, 
at  least  in  its  full  extent  j and  that  is,  that  the  quantity 
of  change  was  always  proportional  to  the  quantity  of 
the  oil  and  the  quantity  of  air  contained  in  the  vessel  *- 
When  exposed  to  the  open  air  their  colour  becomes 
gradually  deeper,  and  they  acquire  consistency,  while 
they  exhale  at  the  same  time  a very  strong  odour.  The 
air  around,  as  Priestley  first  ascertained,  is  deprived  of 
its  oxygen,  a quantity  of  water  is  formed,  and  the  oils 
at  last,  for  the  most  part,  assume  the  form  of  resins 


* Tingry,  Jour,  it  Pbyt.  xlvi.  161.  and  249., 

t Resins  are  concrete  vegetable  juices;  the  distinguishing  property  of 
which  is  insolubility  in  water  and  solubility  in  alcohol.  Cowman  rttin,  or 
roiin,  from  which  they  derive  their  name,  is  one  of  them  ; and  sealing 
wax  consists  almost  entirely  of  another. 
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Volatile  oils  dissolve  sulphur  and  phosphorus,  and 
the  solutions  have  nearly  the  same  properties  as  those 
made  by  means  of  fixed  oils. 

They  have  no  action  on  the  metals,  and  seem  scarcely 
capable  of  combining  with  the  metallic  oxides. 

They  combine  only  imperfectly,  and  in  small  quan- 
tity, with  alkalies  and  earths.  The  French  chemists 
have  proposed  to  give  these  combinations  the  name  of 
scivonules , which  Dr  Pearson  has  translated  by  the  term 
saponules  ; but  these  denominations  have  not  been  ad- 
opted by  chemists  *. 

They  absorb  nitrous  gas  in  great  abundance,  and 
with  great  facility,  and  seemingly  decompose  it,  ac- 
quiring a thick  consistence  and  a resinous  appearance, 
as  if  they  had  absorbed  oxygen  f . 

Sulphuric  acid  decomposes  volatile  oils  ; carbureted 
hydrogen  gas  is  emitted,  and  charcoal  is  precipitated. 
Nitric  acid  inflames  them,  and  converts  them  into 
water,  carbonic  acid,  and  charcoal.  Oxymuriatic  acid 
converts  them  into  substances  analogous  to  resins. 

Volatile  oils  are  applied  to  a great  number  of  uses. 
Some  of  them  are  employed  in  medicine  some  of 
them,  as  oil  of  turpentine,  are  much  used  to  dissolve 
resins,  which  are  afterwards  employed  as  varnishes  ; 
not  to  mention  their  employment  in  painting  and  in 
perfumery. 

Besides  the  oils  which  exist  ready  formed  in  the  ve- 
getable and  animal  kingdom,  there  are  a variety  of 
others  which  are  obtained  when  animal  or  vegetable 


* The  term  sapanulc  does  not  agree  well  with  the  idiom  of  our  lan- 
guage. The  word  tubso.ij. >,  or  something  similar,  would  have  been  better, 
f Priestley,  i.  37*. 
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bodies  afe  distilled  by  means  of  i heat  above  that  of 
boiling  water.  These  oils  have  received  the  appella- 
tion of  empyreutnatic , because  they  are  formed  by  the 
action  of  fire.  They  have  never  been  examined  with 
attention  •,  but  most  of  them  seem  to  possess  the  pro- 
perties of  the  volatile  oils;  Their  odour  is  always  ex- 
ceedingly disagreeable,  and  their  taste  acrid. 


Chap.  V. 


SECT.  III.- 

OP  ALCOHOL, 

W ine  has  been  known  from  the  earliest  ages.  The  History; 
Scriptures  inform  us  that  Noah  planted  a vineyard  and 
drank  wine  ; and  the  heathen  writers  are  unanimous  in 
ascribing  the  invention  of  this  liquor  to  their  earliest 
kings  and  heroes.  Beer,  too,  seems  to  have  been  dis- 
covered at  a very  remote  period.  It  was  in  common  use 
in  Egypt  during  the  time  of  Herodotus  #.  Tacitus  in- 
forms us  that  it  was  the  drink  of  the  Germans  f. 
Whether  the  ancients  had  any  method  of  procuring  ar- 
dent spirits  from  these  or  any  other  liquors  does  not  ap- 
pear. The  Greeks  and  Romans  seem  to  have  been  ig- 
norant of  ardent  spirits  altogether,  at  least  we  can  dis- 
cover no  traces  of  any  such  liquor  in  their  writings  ; 

But  among  the  northern  nations  of  Europe,  intoxicating 
liquors  were  in  use  from  the  earliest  ages.  Whether 

1 1 ' 


• Lib.  ii.  a.  77. 


t Dt  Mtrii.  Germ.  ch.  xsui- 
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these  liquors  resembled  the  beer  of  the  Germans  we  do 
not  know.  It  is  certain,  at  least,  that  the  method  of 
procuring  ardent  spirits  by  distillation  was  known  in 
the  dark  ages  ; and  it  is  more  than  probable  that  it  was 
practised  in  the  north  of  Europe  much  earlier.  They 
are  mentioned  expressly  by  Thaddfcus,  Villanovanus, 
and  Lully  *. 

Ardent  spirits,  such  as  brandy,  for  instance,  rum  and 
whisky,  consist  almost  entirely  of  three  ingredients, 
water,  alcohol  or  spirit  of  wine , to  which  they  owe  their 
strength,  and  a small  quantity  of  a peculiar  oil,  to  which 
they  owe  their  flavour. 

When  these  spiritous  liquors  are  distilled  in  a water 
bath,  the  first  portion  that  comes  over  is  a fine  light  trans- 
parent liquid,  known  in  commerce  by  the  name  of  recti- 
fied spirits , and  commonly  sold  under  the  denomination 
of  alcohol  or  spirit  of  wine.  It  is  not,  however,  as  strong 
as  possible,  still  containing  a considerable  portion  of 
water.  This  water  may  be  separated,  and  the  alcohol 
obtained  as  pure  as  possible,  by  the  following  process : 
Saturate  the  spirit  with  a quantity  of  carbonat  of  potass, 
which  has  just  immediately  before  been  exposed  for  a- 
bout  half  an  hour  in  a crucible  to  a red  heat,  in  order 
to  deprive  it  of  moisture.  Carbonat  of  potass  in  this 
state  has  a strong  attraction  for  water ; it  accordingly 
combines  with  the  water  of  the  spirit ; and  the  solution 
of  carbonat  of  potass  thus  formed  sinhs  to  the  bottom 
of  the  vessel,  and  the  alcohol,  which  is  lighter,  swims 
over  it,  and  may  easily  be  decanted  off  j or,  what  is  per- 
haps better,  the  solution  of  potass  may  be  drawn  oil 


* Bergman,  iv.  art.  ii.  4. 
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from  below  it  by  means  of  a stop-cock  placed  at  the  chaP-  v- 
bottom  of  the  vessel.  The  alcohol,  thus  obtained,  con- 
tains a little  pure  potass  dissolved,  which  may  be  sepa- 
rated by  distilling  it  in  a water  bath  with  a very  small 
heat.  The  alcohol  passes  over,  and  leaves  the  potass 
behind.  It  is  proper  not  to  distil  to  dryness.  This 
process  is  first  mentioned  by  Lully. 

Alcohol  is  said  to  havq  been  discovered,  or  at  least 
first  accurately  described,  by  Arnold  de  Villa  Nova, 
who  was  born  about  the  end  of  the  thirteenth  century. 

This  chemist,  who  was  professor  of  medicine  at  Mont- 
pellier, first  formed  tinctures,  and  introduced  them  into 
medicine  *. 

Alcohol  is  a transparent  liquor,  colourless  like  water,  pr0pertieu. 
of  a pleasant  smell,  and  a strong  penetrating  agreeable 
taste.  When  swallowed  it  produces  intoxication. 

It  is  exceedingly  fluid,  and  has  never  been  frozen, 
though  it  has  been  exposed  to  a cold  so  great  that  the 
thermometer  stood  at  — 69°. 

Its  specific  gravity,  when  pure,  is  only  0.800;  but  it 
is  seldom  obtained  so  low  f.  The  specific  gravity  of  al- 
cohol, as  highly  rectified  as  possible,  is  0.820  J : that  of 
the  a’cohol  of  commerce  is  seldom  less  than  0.8371. 

It  is  almost  unnecesary  to  remark,  that  the  diminution 
of  specific  gravity  is  always  proportional  to  the  purity 
of  the  alcohol. 


* He  i*  said  also  to  have  been  the  first  who  obtained  the  oil  of  turpen- 
tine. He  procured  it  by  distilling  turpentine,  and  employed  it  as  a sol- 
vent of  resins. 

f By  distilling  it  repeatedly  off  dry  muriat  of  lime,  it  may  be  obtained 
still  lighter,  but  in  that  case  it  always  acquires  the  smell  of  ether. 

% Nicholson’s  Dictionary,  f.  867. 
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Alcohol  Is  exceedingly  volatile,  boiling  at  the  tempe** 
rature  of  176°  ; in  which  heat  it  assumes  the  form  of 
an  elastic  fluid,  capable  of  resisting  the  pressure  of  the 
atmosphere,  but  which  condenses  again  into  alcohol 
when  that  temperature  is  reduced.  In  a vacuum  it  boils 
at  56°,  and  exhibits  the  same  phenomena  : so  that  were 
it  not  for  the  pressure  of  the  atmosphere,  alcohol  would 
always  exist  in  the  form  of  an  elastic  fluid,  as  transpa- 
rent and  invisible  as  common  air.  This  subject  was  first 
examined  with  attention  by  Mr  Lavoisier  *.  The  fact, 
however,  had  been  known  Jong  before. 

Alcohol  is  exceedingly  combustible;  and  when  set 
on  fire,  it  burns  all  away  with  a blue  flame,  without 
leaving  any  residuum.  Boerhaave  observed,  that  when 
the  vapour  which  escapes  during  this  combustion  is  col- 
lected in  proper  vessels,  it  is  found  to  consist  of  nothing 
.but  water.  Junker  had  made  the  same  remark  : and 
Dr  Black  suspected,  from  his  own  observations,  that 
the  quantity  of  water  obtained,  if  properly  collected, 
exceeded  the  weight  of  the  alcohol  consumed.  This 
observation  was  confirmed  by  Lavoisier  ; who  found 
that  the  water  produced  during  the  combustion  of  alco- 
hol exceeded  the  alcohol  consumed  by  about  4th  partf. 

Different  opinions  were  entertained  by  chemists  about 
the  nature  of  alcohol.  Stahl  thought  that  it  was  com- 
posed of  a very  light  oil,  united  by  means  of  an  acid  to 
a quantity  of  water.  According  to  Junker,  it  was  com- 
posed of  phlogiston,  combined  with  water  by  means  of 
an  acid.  Cartheuser,  on  the  other  hand,  affirmed,  that 
it  contained  no  acid,  and  that  it  was  nothing  else  than 


* Jour  dc  Thy 3. 1785. 
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pure  phlogiston  and  water.  But  these  hypotheses  were 
mere  assertions  supported  by  no  proof  whatever.  La- 
voisier was  the  first  who  attempted  to  analyse  it. 

He  set  fire  to  a quantity  of  alcohol  in  close  vessels 
by  means  of  the  following  apparatus  : BCDE  (fig.  13.) 
is  a vessel  of  marble  filled  with  mercury.  A is  a strong 
glass  vessel  placed  over  it,  filled  with  common  air,  and 
capable  of  containing  about  15  pints  (French).  Into 
this  vessel  is  put  the  lamp  R filled  with  alcohol,  the 
weight  of  which  has  been  exactly  determined.  On  the 
wick  of  the  lamp  is  put  a small  particle  of  phosphorus. 
The  mercury  is  drawn  up  by  suction  to  the  height  IH. 
This  glass  communicates  by  means  of  the  pipe  LK  with 
another  glass  vessel  S filled  with  oxygen  gas,  and  placed 
pver  a vessel  of  water  T.  This  communication  may  be 
phut  up  at  pleasure  by  means  of  the  stop-cock  M. 

Things  being  thus  disposed,  a crooked  red  hot  iron 
wire  is  thrust  up  through  the  mercury,  and  made  to 
touch  the  phosphorus.  This  instantly  kindles  the  wick, 
and  the  alcohol  burns.  As  soon  as  the  flame  begins  to 
grow  dim,  the  stop-cock  is  turned,  and  a communica- 
tion opened  between  the  vessels  S and  A •,  a quantity 
of  oxygen  gas  rushes  in,  and  restores  the  brightness  of 
the  flame.  By  repeating  this  occasionally,  the  alcohol 
may  be  kept  burning  for  some  time.  It  goes  out,  how- 
ever, at  last).. notwithstanding  the  admission  of  oxygen 
gas. 

The  result  of  this  experiment,  which  Mr  Lavoisier 
repeated  a great  number  of  times,  was  follows  : 

Alcohol  consumed  ....  76.7083,  grains  troy 
Oxygen  gas  consumed  90.5060 


Chap.  V. 


Total  ....  167.2143 
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After  the  combustion,  there  were  found  in  the  glass 
vessel  115-41  cubic  inches  of  carbonic  acid  gas,  the 
weight  of  which  was  78.1 192  grains  troy.  There  was 
likewise  found  a considerable  quantity  of  water  in  the 
vessel,  but  it  was  not  possible  to  collect  and  weigh  it. 
Mr  Lavoisier,  however,  estimated  its  weight  at  89.0951 
grains  *,  as  he  concluded,  with  reason,  that  the  whole 
of  the  substances  employed  were  still  in  the  vessel. 
Now  the  whole  contents  of  the  vessel  consisted  of  car- 
bonic acid  gas  and  water  •,  therefore  the  carbonic  acid 
gas  and  water  together  must  be  equal  to  the  oxygen  gas 
and  alcohol  which  had  been  consumed. 

But  78.1192  grains  of  carbonic  acid  gas  contain,  ac- 
cording to  Mr  Lavoisier’s  calculation  % 55.279  grains 
of  oxygen  : 90.506  grains,  however,  of  oxygen  gas  had 
disappeared;  therefore  35.227  grains  must  have  been 
employed  in  forming  water. 

35.227  grains  of  oxygen  gas  require,  in  order  to  form 
water,  6.038  grains  of  hydrogen  gas  ; and  the  quantity 
of  water  formed  by  this  combination  is  41.265  grains. 
But  there  were  found  89.095  grains  of  water  in  the 
glass  vessel : therefore  47.83  grains  of  water  must  have 
existed  ready  formed  in  the  alcohol. 

It  follows  from  all  these  data,  that  the  76.7083  grains 
of  alcohol,  consumed  during  the  combustion,  were  com* 
£>osed  of  22.840  carbon 

6.030  hydrogen 
47.830  water 

76.7  f 


*W  ;m.  Par.  1 781. 


f Ibid.  ^784; 


ALCOHOL. 


2T5 


Such  were  the  consequences  which  Mr  Lavoisier  drew 
from  his  analysis.  He  acknowledged,  however,  that 
there  were  two  sources  of  uncertainty,  which  rendered 
his  conclusions  not  altogether  to  be  depended  upon. 
The  first  was,  that  he  had  no  method  of  determining 
the  quantity  of  alcohol  consumed,  except  by  the  diffe- 
rence of  weight  in  the  lamp  before  and  after  combus- 
tion ; and  that  therefore  a quantity  might  have  evapo- 
rated without  combustion,  which,  however,  would  be 
taken  into  the  sum  of  the  alcohol  consumed.  But  this 
error  could  not  have  been  great ; for  if  a considerable 
quantity  of  alcohol  had  existed  in  the  state  of  vapour 
in  the  vessel,  an  explosion  would  certainly  have  taken 
place.  The  other  source  of  error  was,  that  the  quanti- 
ty of  water  was  not  known  by  actual  weight,  but  by 
calculation. 

To  this  we  may  add,  that  Mr  Lavoisier  was  not  war- 
ranted to  conclude  from  his  experiment,  that  the  water 
found  in  the  vessel,  which  had  not  been  formed  by  the 
oxygen  gas  used,  had  existed  in  the  alcohol  in  the  state 
of  water : he  was  intitled  to  conclude  from  his  data, 
that  the  ingredients  of  that  water  existed  in  the  alcohol 
before  combustion  ; but  not  that  they  were  actually 
combined  in  the  state  of  water,  because  that  combina- 
tion might  have  taken  place,  and  in  all  probability  did 
partly  take  place  during  the  combustion. 

At  the  same  time  it  cannot  be  doubted,  that  a portion 
of  that  water  did  actually  pre-exist  in  a state  of  combi- 
nation with  the  alcohol.  From  the  experiments  of 
Cruikshanks,  made  by  detonating  a mixture  of  the  va- 
pottr  or  alcohol  and  oxygen  gas,  it  follows,  that  in  al- 
cohol, the  proportion  of  carbon  is  to  that  of  hydrogen 

0 4 


Chap.  IV. 

„ 


compound  combustibles. 


ai6 

Book  IT. 
Division  I. 

' V— ^ 


Cotnhina- 
tion  with 
Water. 


as  nine  to  one  *.  But  this  is  not  sufficient  to  give  us 
the  component  parts  of  alcohol  with  precision. 

That  it  contains  oxygen,  has  been  proved  by  a very 
ingenious  set  of  experiments  performed  by  Messrs  Four- 
croy  and  Vauquelin.  When  equal  parts  of  alcohol 
and  sulphuric  acid  are  mixed  together,  the  sulphu- 
ric acid  suffers  no  change  ; but  the  alcohol  is  decom- 
posed, being  partly  converted  into  water  and  partly 
into  ether.  Now  it  is  evident  that  the  alcohol  could  not 
have  been  converted  into  water  unless  it  had  contained 
oxygen  f . 

When  alcohol,  in  the  state  of  vapour,  is  made  to  pass 
through  a red  hot  porcelain  tube,  it  is  decomposed 
completely.  Carbureted  hydrogen  gas  and  carbonic 
acid  gas  are  disengaged ; water  passes  into  the  receiver, 
and  on  its  inner  surface  areejeposited  a number  of  small 
brilliant  crystals,  which  Vauqqelin  ascertained  to  be  a 
concrete  volatile  oil.  The  inside  of  the  volatile  tube  is 
esated  with  charcoal  in  the  state  of  a fine  black  This 
experiment  was  first  made  by  Priestley  | ; but  it  was 
afterwards  repeated  with  more  care,  and  the  nature  of 
the  products  ascertained  by  the  Dutch  chemists  §. 

Alcohol  has  a strong  affinity  for  water,  and  is  misci- 
ble with  it  in  every  proportion.  The  specific  gravity 
varies  according  to  the  proportion  of  the  two  liquids 
combined  ; but,  as  happens  in  almost  all  combinations, 
the  specific  gravity  is  always  greater  than  the  mean  of 
the  two  liquids ; consequently  there  is  a mutual  pene- 
tration : and  as  this  penetration  or  condensation  varies 
also  with  the  proportions,  it  is  evident  that  the  specific 


* Nicholson’s  Journal,  v.  20J.  f Ibid.  i.  391. 

f Priestley,  iii,  42J.  $ Jour,  dc  Phi,  jdy.  186, 
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gravity  of  different  mixtures  of  alcohol  and  water  can  Chap.  iv. 
only  be  ascertained  by  experiment.  As  the  spiritous 
liquors  of  commerce  are  merely  mixtures  of  alcohol  and 
water  in  different  proportions,  and  as  their  strength  can 
only  be  ascertained  with  precision  by  means  of  their 
specific  gravity,  it  becomes  a point  of  very  great  im- 
portance to  determine  with  precision  the  proportion  of 
alcohol  contained  in  a spirit  of  a given  specific  gravity  : 
and  as  the  specific  gravity  varies  with  the  temperature, 
it  is  necessary  to  make  an  allowance  for  that  likewise. 

The  importance  of  this  object,  both  for  the  purposes 
of  revenue  and  commerce,  induced  the  British  Govern- 
ment to  employ  Sir  Charles  Blagden  to  institute  a very 
minute  and  accurate  series  of  experiments.  An  account 
of  these  was  published  by  Blagden  in  the  Philosophical 
Transactions  for  1790  ; and  a set  of  Tables,  exhibiting 
the  rssult  of  them,  was  drawn  up  by  Mr  Gilpin,  who 
had  performed ; the  experiments,  and  published  in  the 
Philosophical  Transaction*  for  1794.  The  following 
Ta  ble,  extracted  from  these,  contains  the  specific  gra- 
vity of  different  mixtures  of  alcohol  and  water  at  every 
50  of  temperature  from  30°  to  ico°.  The  alcohol 
employed  as  a standard  was  of  the  specific  gravity  0.825  > 
and  was  composed,  according  to  the  experiments  of  Mr 
Gilpin,  of  100  parts  of  alcohol  of  the  specific  gravity 
©.8 14  and  4.5  of  water  *. 


* The  following  little  Table,  constructed  from  my  experiments,  will 
enable  us  to  ascertain  the  proportion  of  real  alcohol  and  water  in  the  mix- 
tures given  in  the  text.  Suppose  alcohol  at  0.800  to  be  pure ; then 
alcohol  of  0.813  's  composed  of  xoo  alcohol  4.  % water 


0.818 1004-4 

0.825  ......  too  4“  7-53  or  93  4*  7, 
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COMPOUND  COMBUSTIBLES. 


)ivision  l.  From  this  Table,  and  from  that  of  Poujet  given  be 

— v fore*,  we  see  that  in  whatever  proportion  these  liquid, 

are  mixed,  a mutual  penetration  and  condensation  take; 
place.  This  condensation,  in  any  given  mixture,  reach- 
es its  maximum  very  slowly;  a proof  that  the  liquids 
enter  into  combination  very  slowly.  Hence  the  appa- 
rent  muddiness  after  mixture.  The  condensation  is  the 
greatest  possible  when  equal  parts  of  water  and  alcohol 
constitute  the  mixture.  It  then  amounts  to  almost  TV 
of  the  whole.  This  condensation  diminishes  as  the  pro- 
portion of  either  of  the  ingredients  is  diminished  ; but 
it  diminishes  much  faster  when  the  water  exceeds  than 


Sulphura- 
ted and 


Phosphora- 
ted alcohol. 


when  the  proportion  of  alcohol  is  greatest.  Thus  in  a 
mixture  of  one  part  of  water  and  ten  parts  of  alcohol, 
tile  condensation  is  ^of  the  whole;  whereas  in  a. 
mixture  of  one  part  of  alcohol  with  ten  parts  of  water,, 
it  amounts  only  to  ^ of  the  whole. 

Neither  common  air  nor  oxygen  gas  has  any  action 
upon  alcohol. 

Alcohol  has  no  action  upon  sulphur  while  solid;  but 
when  these  two  bodies  are  brought  together  both  in  the 
state  of  vapour,  they  combine  and  form  a reddish  sul- 
phuret,  which  exhales  the  odour  of  sulphureted  hydro- 
gen gas.  This  compound  contains  about  60  parts  of 
alcohol  and  one  part  of  sulphur.  The  sulphur  is  preci- 
pitated by  water. 

Alcohol  dissolves  also  a little  phosphorus  when  as- 
sisted by  heat.  This  phosphorized  alcohol  exhales  the 
odour  of  phosphureted  hydrogen  gas.  When  a little  of 
it  is  dropt  into  a glass  of  water,  a flame  instantly  makes 


* Sec  p.  15.  of  tlijs  Volume. 
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its  appearance,  and  waves  beautifully  on  the  surface  of 
the  water*.  This  phenomenon,  which  is  occasioned  by 
the  emission  of  a little  phosphureted  hydrogen  gas,  can 
only  be  observed  when  the  experiment  is  performed  in 
a dark  room. 

Alcohol  has  no  action  upon  charcoal,  hydrogen  gas, 
azotic  gas,  the  metals,  nor  upon  any  of  the  metallic 
oxides. 

Alcohol  dissolves  the  fixed  alkalies  very  readily,  and 
forms  with  them  a reddish-coloured  acrid  solution.  It 
is  from  this  solution  only  that  these  alkalies  can  be  ob- 
tained in  a state  of  purity.  When  heat  is  applied  to  it, 
the  alcohol  is  partly  decomposed  ; but  the  nature  of  the 
products  has  not  been  accurately  ascertained.  Ammo- 
nia also  combines  with  alcohol  with  the  assistance  of 
heat : but  at  a temperature  somewhat  below  the  boil- 
ing point  of  alcohol,  the  ammonia  flies  off  in  the  state 
of  gas,  carrying  with  it,  however,  a little  alcohol  in  so- 
lution. 

None  of  the  earths  are  acted  upon  by  alcohol.  It 
absorbs  about  its  own  weight  of  nitrous  gas,  which  can- 
not afterwards  be  expelled  by  heatf. 

Sulphuric  acid,  nitric  acid,  and  oxymuriatic  acid, 
decompose  alcohol ; but  all  the  other  acids  arc  soluble 
in  it,  except  the  metallic  acids,  phosphoric  acid,  and 
perhaps  also  prussic  acid. 

Alcohol  is  capable  of  dissolving  a great  many  saline 
bodies.  A considerable -number  of  these,  with  the  quan- 
tities soluble,  is  exhibited  in  the  following  Tables  J. 


Chap.  V. 


Action  on 
alkalies, 


1 

Acids, 


Salts. 


* Brugnatelli,  Ann.  de  Chim.  xxiv.  7 i.  This  experiment  was  first  made 
by  Boyle.  See  Shaw’s  Boyle,  iii.  196.  . 

f Priestley,  i.  379.  } Morveau,  Jour,  de  Ply,.  1785. 
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T.  Substances  dissolved  in  large  Quantities . 


Names  of  the  Substances. 

Tempe- 

rature 

240  parts  of  Al- 
cohol dissolve 

Oxysulphat  of  iron  .... 

Nitrat  of  cobalt 

54-5° 

240  parts 

copper 

54  5 

240 

alumina  ..... 

54-5 

24O 

lime 

3°o 

magnesia  . . . . 

180.5 

694 

Muriat  of  zinc  

54-5 

240 

alumina  .... 

54-5 

240 

magnesia  .... 

180.5 

*3*3 

iron 

180.5 

240 

copper  

1 80.5 

240 

Acetatoflead 

ll3 

* copper*  

Nitrat  of  zinc  decomposed 

iron  decomposed 

bismuth  decomposed 

If-  Substances  dissolved  in  Small  Quantities. 


Names  of  the  Substances. 

240  parts  of  Alcohol 
at  the  boiling  tempe- 
rature dissolve 

Muriat  of  lime 

240  parts 

Nitfat  of  ammonia  ..... 

214 

Oxymuriat  of  mercury  . . . 

212 

Succinic  acid  

177 

Acetat  of  soda 

1 1 2 

Nitrat  of  silver 

IOO 

Refined  sugar  

59 

Boracic  acid 

48 

Nitrat  of  soda 

23 

Acetat  of  copper 

18 

Muriat  of  ammonia 

1 7 

Arseniat  of  potass  ...... 

9 

Superoxalat  of  potass  .... 

7 

Nitrat  of  potass  

J 

Muriat  of  potass  ...... 

5 

Arseniat  of  soda  ....... 

4 

White  oxide  of  arsenic  . . . 

3 

Tartrat  of  potass 

1 

Nitrat  of  lead* 

Garbonat  of  ammonia*  . . . 

* Withering,  Phi 


Trans,  lxxii.  336. 
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III.  Substances  insoluble  m Alcohol. 


Sugar  of  milk 

Sulphat  of  potass 

Boi*ax 

soda 

Tartar 

magnesia 

Alum 

Sulphite  of  soda 

Sulphat  of  ammonia 

Tartrite  of  soda  and  pot- 

lime  ■ 

ass 

barytes  * 

Nitrat  of  mercury 

iron 

Muriat  of  lead 

copper 

silver  f 

silver 

Common  salt 

mercury 

Carbonat  of  potass 

zinc 

soda 

These  experiments  were  made  chiefly  by  Macquer 
and  Wenzel.  The  alcohol  employed  by  Macquer  was 
of  the  specific  gravity  0.840.  Wenzel  does  not  give 
the  density  of  his  alcohol ; but  as  he  compares  it  with 
that  of  Macquer,  we  may  suppose  it  nearly  of  the  same 
strength.  As  the  solubility  of  salts  depends  upon  the 
strength  of  the  alcohol  employed,  the  experiments  of 
these  chemists  must  be  considered  as  defective,  because 
they  have  confined  themselves  to  one  particular  density. 
This  defect  is  in  part  supplied  by  the  following  very 
valuable  Table  of  Mr  Kirwan’s,  constructed  from  his 
own  experiments 


* Withering,  Phil.  Trans.  Ixxii.  336.  f Macquer,  Ibid. 

| On  Mintral  IV aters , p.  274. 
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>-  Solubility  of  Salts  in  loo  parts  of  Alcohol  of  different 

Densities . 


Salts. 

Alcohol  of 
A 

i 

O.9OO 

O 

bo 

to 

O | 

OO  1 

4*  I 

CO  1 

0.834 

0.817 

Sulphat  of  s®da 

0. 

0. 

0. 

0. 

0. 

Sulphat  of  magnesia 

1. 

1. 

0. 

0. 

0. 

Nitrat  of  potass 

1 ^ 
0 

1. 

0. 

0. 

Nitrat  of  soda 

to. 5 

6. 

OO 

cn 

6 

0. 

Muriat  of  potass 

4.62 

1.66 

0.38 

0. 

Muriat  of  soda 

5.8 

3-6  7 

° 5 

Muriat  of  ammonia 

6-5 

4-75 

i-5 

Muriat  of  magnesia 
dried  at  1 20° 

21.25 

23-75 

36-25 

50. 

Muriat  of  barytes 
Ditto  crystallized 

1 . 

1.56 

0.29 

o-43 

0.185 

0.32 

0.09 

0.06 

Acetat  of  lime 

2.4 

4.1 2 

4-75 

OO 

OO 

When  alcohol,  containing  certain  saline  bodies  in  so- 
lution, is  set  on  fire,  its  flame  is  often  tinged  of  different 
colours  according  to  the  body.  Thus  nitrat  of  strontian 
tinges  it  purple;  boracic  acid  and  cupreous  salts  tinge  it 
green  ; muriat  of  lime  gives  it  a red  colour  ; nitre  and 
oxymuriat  of  mercury  a yellow  colour. 


Its  flame 
tinged  by 
salts. 
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The  affinities  of  alcohol  are  very  imperfectly  known. 
Those  stated  by  Bergman  are  as  follows : 

Water, 

Ether, 

Volatile  oil, 

Alkaline  sulphurets. 


SECT.  IV. 

OF  ETHER, 

"When  alcohol  is  mixed  with  sulphuric  acid  and  se* 
veral  other  acids,  and  the  action  of  the  acid  is  assisted 
by  heat,  the  alcohol  is  decomposed  and  converted  partly 
into  a very  light  volatile  fragrant  liquor,  known  by  the 
name  of  ether.  The  properties  of  the  ether  obtained 
are  supposed  to  vary  a little  according  to  the  acid  em- 
ployed : accordingly  every  particular  kind  is  distin- 
guished by  the  acid  employed  in  its  preparation.  Thus 
the  ether  obtained  by  means  of  sulphuric  acid  is  called 
sulphuric  ether  ; that  by  means  of  nitrous  acid,  nitrous 
ether.  It  will  be  proper  to  consider  each  of  these  spe« 
eies  separately. 

I.  Sulphuric  Ether . 

The  method  of  making  sulphuric  ether  is  described 
in  the  Dispensatory  of  Valerius  Cordus,  published  at 
Nuremberg  about  the  year  1540.  There  ether  is  called 

P 2 
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compound  combustibles. 
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tion. 


oieuni  vitrith  dulce*.  It  is  likewise  obscurely  hinted 
at  in  some  of  the  older  chemical  authors  ; but  little  at- 
tention was  paid  to  it  till  a paper  appeared  in  the  Phi- 
losophical Transactions  for  1730,  written  by  a German 
who  called  himself  Frobenius f,  containing  a number  of 
experiments  on  it.  In  this  paper  it  first  received  the 
name  of  ether.  The  German  chemists  long  distinguish- 
ed it  by  the  name  of  naphtha. 

1.  Sulphuric  ether  is  usually  prepared  by  the  follow- 
ing process : A mixture  of  equal  parts  of  alcohol  and 
sulphuric  acid  is  put  into  the  retort,  to  which  a large 
receiver  is  then  luted.  It  is  proper  to  surround  the  re- 
ceiver with  ice,  or  at  least  with  cold  water.  Heat  is 
applied  ; and  as  soon  as  the  mixture  boils,  the  ether 
comes  over  and  is  condensed,  and  runs  in  large  strife 
down  the  sides  of  the  receiver.  As  soon  as  it  amounts 
to  one  half  of  the  alcohol  employed,  the  process  must 
be  stopt.  The  ether  thus  obtained  is  not  quite  pure, 
almost  always  containing  a little  sulphurous  acid. 

This  acid  may  be  separated  by  pouring  the  ether 
on  a little  potass,  and  distilling  it  over  again  by  means 
of  a moderate  heat.  Mr  Dize  affirms  that  black  oxide 
of  manganese  produces  this  effect  still  more  completely 
than  potass.  All  that  is  necessary  is  to  mix  a quanti- 
ty of  this  black  oxide  in  powder  with  the  impure  ether, 
and  to  let  it  remain  for  some  time,  agitating  it  occasion- 
ally. The  sulphurous  acid  is  converted  into  sulphuric, 
and  combines  with  the  manganese.  The  ether  is  then 
to  be  distilled  over  by  the  heat  of  a water  bath  J. 


* Bergman,  iv.  98. 

f The  name  was  supposed  to  have  been  feigned, 
f Jour,  dt  Pbyt.  xivi,  298. 
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The  separation  of  the  liquid  from  the  sulphurous  Chap.  v. 


acid,  with  which  it  is  mixed,  is  called  the  rectification 
of  the  ether.  The  usual  method,  and  I may  add  the 
best,  is  the  following,  first  employed  by  Mr  Woulfe  : 

Fill  three- fourths  cf  a bottle  with  the  impure  ether, 
add  a little  water,  and  a portion  of  slacked  lime.  Agi- 
tate the  bottle  with  violence,  and  keep  it  for  some  time 
in  water  before  taking  out  the  cork.  If  the  smell  of  the 
acid  be  not  removed,  add  a little  more  lime,  and  agi- 
tate a second  time.  Decant  off  the  ether  into  a retort, 
and  distil  it  over  *. 

2.  Ether  thus  obtained  is  a limpid  and  colourless  li-  Properties, 
quor,  of  a very  fragrant  smell,  and  a hot  pungent  taste. 

Its  specific  gravity  is  only  0.7581  f. 

It  is  so  volatile  that  it  can  scarcely  be  poured  from 
one  vessel  to  another  without  losing  a considerable  por- 
tion of  it  by  evaporation.  When  poured  out  in  the 
open  air,  it  disappears  in  an  instant,  and  during  its  eva- 
poration produces  a very  considerable  degree  of  cold. 

If  a glass  vessel  containing  water,  and  surrounded  with 
a cloth,  be  dipt  into  ether  two  or  three  times,  and  the 
ether  each  time  be  allowed  to  evaporate  from  the  cloth, 
the  water  in  the  glass  freezes.  In  the  open  air  ether 
boils  at  98°,  and  in  a vacuum  at  — 20°.  Were  it  not 
therefore  for  the  pressure  of  the  atmosphere,  it  would 
always  exist  in  the  gaseous  state. 

It  is  exceedingly  inflammable,  and  when  kindled  in 
the  state  of  vapour  burns  with  rapidity,  with  a fine 
white  flame,  and  leaves  behind  it  a trace  of  charcoal. 

During  its  combustion  carbonic  acid  is  generated.  How 


• Proust,  Ann.  de  Cj  m.  xlii.  aj6, 
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well  soever  it  has  been  rectified,  it  always  exhibits  traces 
of  sulphuric  acid* * * §. 

When  ether  in  the  state  of  vapour  is  made  to  pass 
through  a red  hot  porcelain  tube,  it  is  decomposed  com- 
pletely, and  a great  quantity  of  carbureted  hydrogen  gas 
is  obtained  f. 

Ether,  when  exposed  to  a cold  of  — 46°, . freezes  and 
crystallizes 

3.  Ether  is  soluble  in  10  parts  of  water,  according  to 
the  Count  de  Lauraguis. 

4.  When  ether  is  admitted  to  any  gaseous  body  stand- 
ing over  mercury,  it  always  doubles  the  bulk  of  the 
gas,  as  Dr  Priestley  first  observed.  If  oxygen  gas,  thus 
expanded  by  ether,  be  presented  to  a lighted  candle,  the 
ether  burns  with  great  rapidity,  but  produces  no  explo- 
sion. But  if  one  part  in  bulk  of  this  expanded  oxygen 
be  mixed  with  three  parts  of  pure  oxygen  gas,  and  kin- 
dled, a very  loud  explosion  takes  place  : the  products 
are  water  and  2 ^ parts  of  carbonic  acid  §.  Mr  Cruik- 
shank,  to  whom  we  are  indebted  for  this  instructive 
experiment,  ascertains,  that  one  part  of  the  vapour  of 
ether  takes  6.8  parts  of  oxygen  gas  to  consume  it  com- 
pletely ; and  from  the  relative  proportions  of  the  two 
products,  he  has  shewn  that  the  carbon  which  ether 
contains  is  to  its  hydrogen  as  5 to  1. 

5.  The  action  of  the  simple  combustibles  on  ether  has 
not  been  tried,  if  we  except  phosphorus,  which  it  is 
capable  of  dissolving  in  small  proportion.  The  solution 


* Scheele,  ii.  108. 

+ Dutch  Chemists,  Jttir.  de  Pbys.  xlv.  184. 

1 Fourcroy  and  Vauquelin,  Ann.  de  Cbim.  xxix.  289. 

§ Cruikshank,  Nicholson’s  Journal,  v.  20j , 
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is  transparent ; but  the  addition  of  a little  alcohol  to  it  i cha?-  v- 
renders  it  milky.  This  furnishes  us  with  a method  of 
ascertaining  whether  ether  be  sophisticated  with  alco- 
hol*. 

6.  Ether  has  no  action  on  metals  ; but  it  revives  se- 
veral of  the  metallic  oxides  when  mixed  with  their  so- 
lutions in  acids.  It  takes  gold  from  its  solution  in  nitro- 
muriatic  acid. 

7.  It  is  probable  that  it  has  no  action  on  fixed  alka- 
lies and  earths  ; but  it  combines,  or  at  least  mixes  rea- 
dily with  ammonia. 

It  absorbs  nitrous  gag  in  considerable  quantity. 

8.  Sulphuric  acid  seems  capable  of  concerting  it  into  Action  of 
a peculiar  kind  of  oil  known  by  the  name  of  sweet  bil  acids’ 

of  wine. 

If  we  fill  a bottle,  capable  of  holding  three  or  four 
English  pints,  with  oxymuriatic  acid  gas,  taking  care 
to  expel  the  water  as  completely  as  possible,  and  then 
throw  into  it  about  a dram,  or  half  a dram,  of  good 
ether,  covering  its  mouth  immediately  with  a piece  of 
light  wood  or  paper,  in  a few  seconds  white  vapour  will 
be  perceived  moving  circularly  in  the  bottle : this  will 
be  soon  followed  by  an  explosion  accompanied  with 
flame;  at  the  same  time  a very  considerable  quantity  of 
charcoal  will  be  deposited,  and  the  bottle  will  be  fpund 
to  contain  carbonic  acid  gas  f. 

Ether  is  capable  of  dissolving  the  volatile  oils.  It 
combines  with  alcohol  in  almost  any  proportion. 


* Brugnatclli,  Ann.  dc  Cbim.  xxiv.  73. 
f Cruikshank,  Nicholson’s  Jeurnal,  v.  soj 
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Divisional.  9*  demists  entertained  various  opinions  respecting 
^ — v- — the  nature  of  ether.  Macquer  supposed  that  it  was 

Theories  of  , . , 

its  composi-  merely  alcohol  deprived  by  the  acid  of  all  its  water, 
tion.  But  jt  was  general]^  believed  that  the  acid  entered  partly 

into  its  composition.  Scheele  published  a set  of  expe- 
riments on  ether  in  1782*  ; from  which  he  drew  as  a 
consequence,  that  during  the  process  the  alcohol  is  de- 
prived of  phlogiston.  Ihese  experiments  were  varied, 
and  carried  still  farther  by  Pelletier  ; who  adopted  the 
theory  of  Scheele,  modified  according  to  the  discove- 
ries of  Lavoisier.  According  to  him  ether  is  alcohol 
combined  with  oxygen.  This  theory  was  embraced  by 
the  greater  number  of  chemists,  and  it  was  supposed 
that  the  alcohol  obtained  the  new  dose  of  oxygen  from 
the  sulphuric  acid.  But  the  formation  of  ether  has 
been  lately  examined  with  much  care  by  Fourcroy  and 
Vauquelin.  These  ingenious  chemists  have  concluded 
from  their  experiments,  that  during  the  process  the  al- 
cohol is  completely  decomposed,  and  that  ether  is  com- 
posed of  the  same  ingredients  as  alcohol,  but  combined 
in  different  proportions.  Ether,  according  to  them, 
contains  a greater  proportion  of  hydrogen  and  oxygen, 
and  a smaller  proportion  of  carbon  than  alcohol  f . 

The  theory  of  these  chemists  was  disputed  by  Lau- 
ded and  Dabit§,  who  endeavoured  to  prove  that  oxy- 
gen is  always  necessary  for  the  formation  of  ether.  This 
they  did  by  repeating  the  experiments  on  ether,  which 
had  been  formerly  made  by  Scheele.  They  distilled  a 
mixture  of  sulphuric  acid,  black  oxide  of  manganese. 


* Scheele,  ii.  105.  s 

| Ann.  de  Chim.  xxiii.  203.  and  Nicholson’s  Journal,  i.  391. 
| Ann.  de  Chim.  xxxiv.  283.  § Ibid,  xxxiv.  289. 
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and  alcohol.  The  sulphuric  acid  was  not  decomposed 
as  in  common  cases,  no  charcoal  was  deposited,  no  gas 
came  over,  the  black  oxide  lost  part  of  its  oxygen,  and 
the  quantity  of  ether  obtained  was  greater  than  usual. 

According  to  Dabit,  ether  contains  a smaller  proportion 
of  hydrogen  and  a greater  proportion  of  oxygen  and  car- 
bon than  alcohol.  These  objections  were  almost  im- 
mediately answered  by  Fourcroy  and  Vauquelin,  who 
proved  that  ether  obtained  by  means  of  the  black  oxide 
of  manganese  possesses  very  different  properties  from 
sulphuric  ether.  Consequently  its  formation  and  com- 
position cannot  destroy  their  conclusions  respecting  the 
formation  and  composition  of  sulphuric  ether*. 

jo.  As  the  action  of  sulphuric  acid  on  alcohol  and 
the  formation  of  ether  is  one  of  the  most  interesting 
phenomena,  in  chemistry,  and  as  it  may  enable  us  to 
form  more  precise  ideas,  both  respecting  the  composi- 
tion of  alcohol  and  ether,  it  will  be  proper  to  examine 
it  with  attention.  « 

When  four  parts  of  sulphuric  acid  and  one  part  of  i.  olefiant 
alcohol  are  mixed  together,  and  a moderate  heat  ap-  gas' 
plied,  the  mixture  blackens,  boils  violently,  and  a great 
quantity  of  gas  is  disengaged.  This  gas,  which  was  first 
examined  by  the  Dutch  chemists,  received  from  them 
the  name  of  olejlunt  gas.  It  is  composed  of  carbon 
and  hydrogen.  Its  specific  gravity  is  to  that  of  air  as 
ycj  to  icoo.  It  has  a disagreeable  fetid  odour,  and 
burns  with  a dense  white  flame  exactly  like  the  flame 
of  oils.  WTen  mixed  with  oxyrnuriatic  acid  gas,  its 
bulk  is  diminished,  drops  of  oil  make  their  appearance. 


Action  of 
sulphuric 
acid  on  al- 
cohol. 


* Ann.  dt  CLim.  xxxiv.  319. 
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l^viskmV  sw*m  for  some  time  on  the  surface  of  the  water, 

c“—i — t-1  and  then  sink.  This  oil  is  formed  by  the  combination 
of  the  oxygen  of  the  acid  with  the  olefiant  gas ; for 
when  four  parts  of  oxymuriatic  acid  gas,  and  three  parts 
of  olefiant  gas,  as  pure  as  possible,  are  mixed  togetherr 
over  water,  the  gases  disappear  totally,  with  the  excep- 
tion of  .jLj.  part,  which  is  azotic  gas,  probably  introduced 
along  with  the  acid  gas. 

This  oil  is  heavier  than  water ; it  is  pearl-coloured, 
but  becomes  yellowish  and  limpid  when  kept  for  some 
time.  Its  taste  and  odour  are  both  agreeable  and  pecu- 
liar. It  is  soluble  in  water,  but  not  acted  on  by  potass. 
When  the  mixture  of  the  two  gases  is  fired  immediately, 
a great  quantity  of  charcoal  is  precipitated  in  the  form 
of  fine  soot  *. 

What  remains  in  the  retort  after  the  disengagement: 
of  this  gas,  is  chiefly  sulphurous  acid  blackened  with, 
charcoal,  and  probably  also  some  vegetable  acid. 

2.  Oxalic  When  equal  parts  of  sulphuric  acid  and  alcohol  are: 
mixed  together,  the  phenomena  which  take  place  are' 
considerably  different.  If  the  mixture  be  made  cau-. 
tiously,  and  allowed  to  remain  at  the  common  tem- 
perature for  about  30  hours,  crystals  of  oxalic  acid  often 
form  in  it  f. 

A combination  of  two  parts  of  sulphuric  acid  and  one. 
of  alcohol  elevates  the  temperature  to  201  °,  becomes 
immediately  of  a deep  red  colour,  which  changes  to  a 
black  a few  days  afterwards,  and  emits  a smell  percep- 
tibly  ethereal. 

When  a mixture  of  equal  parts  of  alcohol  and  sul-  ■ 


* Jour,  ilc  Mu,,,  ilv. 


j Cadet,  lbid-li,  231. 
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phuric  acid  is  exposed  to  the  action  of  heat  in  a proper  Chap 
apparatus,  the  following  phenomena  take  place,  as  has 
been  ascertained  by  Fourcroy  and  Vauquclin. 

When  the  temperature  is  elevated  to  208°,  the  fluid  3.  Eth 
boils,  and  emits  a vapour  which  becomes  condensed  by 
cold  into  a colourless,  light,  and  odorant  liquor,  which 
from  its  properties  has  received  the  name  of  ether.  If 
the  operation  be  properly  conducted,  no  permanent  gas 
is  disengaged  until  about  half  the  alcohol  has  passed 
over  in  the  form  of  ether.  Until  this  period  there  pas- 
ses absolutely  nothing  but  ether  and  a small  portion  of 
water,  without  mixture  of  sulphurous  or  of  carbonic 
acid. 

If  the  receiver  be  changed  as  soon  as  the  sulphurous 
acid  manifests  itself,  it  is  observed  that  no  more  ether 
is  formed,  but  the  sweet  oil  of  wine,  water,  and  acetous 
acid,  without  the  disengagement  hitherto  of  a single 
bubble  of  carbonic  acid  gas.  When  the  sulphuric  acid 
constitutes  about  four-fifths  of  the  mass  which  remains 
in  the  retort,  an  inflammable  gas  is  disengaged,  which 
has  the  smell  of  ether,  and  burns  with  a white  oily 
flame.  This  is  what  the  Dutch  chemists  have  called 
olefiant  gas.  At  this  period  the  temperature  of  the 
fluid  contained  in  the  retort  is  elevated  to  230°  or 
*34°- 

When  the  sweet  oil  of  wine  ceases  to  flow,  if  the  re- 
ceiver be  again  changed,  it  is  found  that  nothing  more 
passes  but  sulphurous  acid,  water,  carbonic  acid  gas ; 
and  that  the  residuum  in  the  retort  is  a black  mass,  con- 
sisting for  the  most  part  of  sulphuric  acid  thickened  by 
carbon. 

11.  From  these  phenomena  Fourcroy  and  Vauqueliij 
have  dra-yvn  the  following  deductions. 
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A small  quantity  of  ether  is  formed  spontaneously, 
and  without  the  assistance  of  heat,  by  the  combination 
of  two  parts  of  concentrated  sulphuric  acid  and  one  part 
of  alcohol. 

As  soon  as  ether  is  formed,  there  is  a production  of 
water  at  the  same  time ; and  while  the  first  of  these 
compositions  takes  place,  die  sulphuric  acid  undergoes 
no  change  in  its  intimate  nature. 

As  soon  as  the  sulphurous  acid  appears,  no  more 
ether  is  formed,  or  at  least  very  little ; but  the  sweet 
oil  of  wine  passes  over,  together  with  water  and  acetic 
acid. 

The  sweet  oil  of  wine  having  ceased  to  come  over, 
nothing  further  is  obtained  but  the  sulphurous  and  car- 
bonic acids,  and  at  last  sulphur,  if  the  distillation  be 
carried  to  dryness. 

The  operation  of  ether  is  therefore  naturally  divided 
into  three  periods  : the  first,  in  which  a small  quantity 
of  ether  and  water  are  formed  without  the  assistance  of 
heat;  the  second,  in  which  the  whole  of  the  ether  which 
can  be  obtained  is  disengaged  without  the  accompani- 
ment of  sulphurous  acid ; and  the  third,  in  which  the 
sweet  oil  of  wine,  the  acetous  acid,  the  sulphurous  acid, 
and  the  carbonic  acid;  are  afforded.  The  three  stages 
have  no  circumstance  common  to  all  but  the  continual 
formation  of  water,  which  takes,  place  during  the  whole 
of  the  operation. 

A combination  of  sulphuric  acid  and  alcohol  in  equal 
parts  docs  not  boil  at  less  than  207°  of  temperature, 
while  that  of  alcohol  alone  boils  at  176°.  Now  since 
ebulition  does  not  take  place  till  the  higher  temperature, 
it  is  clear  that  the  alcohol  is  retained  by  the  affinity  of 
the  sulphuric  acid,  which  fixes  it  more  considerably. 
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Now  organic  bodies,  or  their  immediate  products,  when 
exposed  to  a lively  brisk  heat,  without  the  possibility 
of  escaping  speedily  enough  from  its  action,  suffer  a 
partial  or  total  decomposition,  according  to  the  degree 
of  temperature.  Alcohol  undergoes  this  last  alteration 
when  passed  through  an  ignited  tube  of  porcelain. 
The  reason  therefore  why  alcohol  is  not  decomposed 
when  it  is  submitted  alone  to  heat  in  the  ordinary  ap- 
paratus for  distillation  is,  that  the  temperature  at  which 
it  rises  in  vapours  is  not  capable  of  affecting  the  separa- 
tion of  its  principles  ; but  when  it  is  fixed  by  the  sul- 
phuric acid  or  any  other  body,  the  elevated  temperature 
it  undergoes,  without  the  possibility  of  disengagement 
from  its  combination,  is  sufficient  to  effect  a commence- 
ment of  decomposition,  in  which  ether  and  water  are 
formed,  and  carbon  is  deposited.  Nothing  more  there- 
fore happens  to  the  alcohol  in  these  circumstances 
than  what  takes  place  in  the  distillation  of  every  other 
vegetable  matter,  in  which  wrater,  oil, -acid,  and  coal,  are 
afforded. 

Hence  it  may  be  conceived  that  the  nature  of  the 
products  of  the  decomposition  of  alcohol  must  vary  ac- 
cording to  the  different  degrees  of  heat  ; and  this  ex- 
plains why  at  a certain  period  no  more  ether  is  formed 
but  the  sweet  oil  of  wine  and  acetous  acid.  In  fact, 
when  the  greatest  quantity  of  alcohol  has  been  changed 
into  ether,  the  mixture  becomes  more  dense,  and 
the  heat  which  it  acquires  previous  to  ebulition  is 
more  considerable.  The  affinity  of  the  acid  for  alcohol 
being  increased,  the  principles  of  this  acid  become  se- 
parated ; so  that,  on  the  one  hand,  its  oxygen  seizes  the 
hydrogen,  and  forms  much  water,  which  is  gradually  vo- 
latilized ; while,  on  the  other,  the  ether  retaining  a 
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friYtioni  Sreater  quantity  of  carbon,  with  which  at  that  tempera 

u — v ture  it  can  rise,  affords  the  sweet  oil  of  wine.  This 

last  ought  therefore  to  be  considered  as  an  ether  con- 
taining an  extraordinary  portion  of  carbon,  which  give; 
it  more  density,  less  volatility,  and  a lemon-yellow  co- 
lour. 

Such  is  the  ingenious  explanation  of  the  formation  0! 
sulphuric  ether  proposed  by  Fourcroy  and  Vauquelin. 
They  have  succeeded  completely  in  proving  that  the 
opinions  formerly  entertained  respecting  that  singula* 
process  were  erroneous  ; though  their  own  explanation 
is  not  sufficiently  precise  to  enable  us  to  ascertain  exact- 
ly the  component  parts  of  ether. 

IT.  Nitric  Ether. 

History.  Ni  tric  ether  is  first  mentioned  in  an  epistle  written 
by  Kunkel  to  Voight,  and  published  in  1 63 1 * ; but  no 
attention  was  paid  to  it  by  Succeeding  chemists  till  it 
was  discovered  a second  time  by  Navier  in  1742  f,  and 
a third  time  by  Sebastiani  in  1 746  t- 
Prepare-  The  method  of  preparing  it,  proposed  by  Navier, 
was  this  : twelve  parts  of  alcohol  are  put  into  a strong 
bottle,  which  is  kept  surrounded  with  water,  or  rather 
with  ice  : eight  parts  of  nitric  acid  are  poured  in  at 
intervals,  the  mixture  being  agitated  after  every  addi- 
tion. The  bottle  is  then  well-corked,  and  the  cork  se- 
cured by  leather.  Ether  gradually  forms  at  the  sur- 
face of  the  liquid.  After  five  or  six  days,  when  the 
formation  is  supposed  to  be  over,  the  cork  is  to  be 
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* Ep'utola  contra  Spiritual  f ini  line  AciJo. 
f Mem.  Par.  174a.  } Dht.  de  Nitre,  1 746. 


pierced  with  a needle  to  allow  a quantity  of  nitrous  gas  < ChaP- 
to  escape,  which  would  otherwise  carry  the  ether  along 
with  it.  The  cork  is  then  to  be  drawn  ; the  wdiole  liquid 
is  to  be  poured  into  a funnel,  and  by  means  of  the  finger 
the  liquid  below  is  allowed  to  run  out  while  the  ethex 
is  retained. 

This  method  is  somewhat  hazardous  ; for  the  quanti- 
ty of  nitrous  gas  evolved  is  so  great  as  often  to  burst  the 
bottle.  Dr  Black  substituted  in  place  of  it  a very  inge- 
nious process.  He  put  into  a glass  phial  the  proper 
quantity  of  nitric  acid  ; over  this  was  poured  gently  a 
stratum  of  water,  and  the  alcohol  was  poured  over  all. 

Thus  there  were  three  strata  of  liquids  in  the  vessel : the 
acid  lowermost,  and  the  alcohol  uppermost,  separated 
from  each  other  by  the  water.  The  acid  and  alcohol 
gradually  combined  with  the  water,  and  coming  into 
contact  acted  on  each  other  without  violence  ; and  thus 
the  ether  was  formed  without  risk. 

Dehne  has  given  another  process  for  obtaining  nitric 
ether  exceedingly  tedious,  but  not  attended  with  any 
risk.  1 he  alcohol  is  put  into  a tubulated  retort,  to 
which  a large  receiver  is  luted  ; one  ^.th  part  of  nitric 
acid  is  to  be  added  every  four  hours,  drop  by  drop,  till 
it  amounts  to  about  half  the  weight  of  alcohol ; then 
the  mixture  becomes  hot,  and  ether  passes  over  into  the 
receiver.  After  this  a little  more  nitric  acid  is  to  be 
added  every  morning  and  evening.  Ether  gradually 
forms  on  its  surface.  The  acid  is  to  be  added  till  it 
falls  down  to  the  bottom  of  the  retort  in  the  form  of 
green  globules,  indicating  the  forrrration  of  perfectly  sa- 
turated nitrous  acid.  This  is  a proof  that  no  more 
ether  will  be  formed. 

Various  other  methods  of  preparing  nitrous  ether 
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have  been  proposed  by  chemists,  as  the  distillation  of  a 
mixture  of  sulphuric  acid,  nitre,  alcohol,  See.  But  the 
process  preferred  by  artists  is  that  of  Chaptal  as  cor- 
rected by  Proust.  A large  retort  is  luted  to  a glass 
globular  vessel  furnished  with  a tube  of  safety.  From 
this  globe  a tube  passes  to  a second,  likewise  furnished 
with  a tube  of  safety  ; and  to  this  last  vessel  is  con- 
nected three  Woulfe’s  bottles  in  the  usual  way,  which 
must  be  half  full  of  alcohol.  A mixture  of  32  parts 
of  alcohol  and  24  of  acid,  of  the  specific  gravity  1.3,  is 
put  into  the  retort.  The  heat  of  a chaffing  dish  is  ap- 
plied, and  removed  as  soon  as  the  effervescence  begins. 
The  greatest  part  of  the  ether  is  detained  by  the  alco- 
hol in  the  first  Woulfe’s  bottle.  This  mixture  is  to  be 
saturated  with  an  alkali,  and  the  ether  separated  by  di- 
stillation *. 

Nitrous  ether,  by  whatever  process  it  is  procured,  is 
never  pure  at  first,  holding  always  in  solution  a consi- 
derable portion  of  nitrous  gas  : hence  its  extraordinary 
volatility.  It  contains  also  a certain  portion  of  nitric 
acid,  and  a little  oil  to  which  it  owes  its  yellow  colour. 
The  nitrous  gas  separates  spontaneously  when  the  ether 
is  mixed  with  a considerable  portion  of  water.  By  di- 


* Proust,  Ann.  de  Chin.  xlii.  262. — Brugnatelli  has  proposed  the  fol- 
lowing method ; but  I find  that  the  proportion  of  ether  obtained  by  it 
is  much  smaller  than  the  other  processes,  though  Brugnatelli  affirms  the 
reverse.  Put  an  ounce  of  sugar  into  a retort,  and  pour  over  it  two 
ounces  of  alcohol.  Lute  to  it  a large  receiver  with  slips  of  paper,  and 
then  add  three  ounces  of  nitric  acid.  The  sugar  is  dissolved,  the  mix- 
ture boils,  and  the  ether  passes  over  pure  equal  in  weight  to  the  al- 
cohol. See  Jour,  de  Cbim.  iii.  68.— Perhaps  my  want  of  complete  success 
was  owing  to  the  use  of  a stronger  acid  than  that  employed  by  Brugna- 
telli. 
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stilling  it  repeatedly  from  potass  or  sugar,  the  oil  may 
be  abstracted ; and  when  kept  for  some  time,  the  ni- 
tric acid  is  decomposed,  and  a little  water  and  oxalic 
bcid  formed,  which  sink  to  the  bottom  of  the  vessel*. 

Nitric  ether,  as  far  as  is  known,  agrees  very  nearly 
in  its  properties  with  sulphuric  ether:  it  is  equally  fluid, 
light,  and  combustible  : Its  taste  and  odour  are  nearly 
the  same,  but  not  quite  so  pleasant,  owing  most  pro- 
bably to  the  foreign  bodies,  from  which  it  cannot  ea- 
sily be  completely  freed. 

The  theory  of  its  formation  is  not  yet  altogether  un- 
derstood. It  is  evident  that  it  cannot  be  exactly  the 
same  with  that  of  sulphuric  ether,  as  it  may  be  formed 
without  artificial  heat,  and  as  the  nitric  acid  is  undoubt- 
edly decomposed  from  the  very  commencement  of  the 
process.  Some  light  may  be  thrown  upon  the  subject 
by  a careful  examination -of  the  phenomena  which  take 
place  during  the  action  of  nitric  acid  on  alcohol. 

1.  When  equal  parts  of  alcohol  and  nitric  acid  are 
mixed,  a violent  effervescence  ta^es  place  ; spontane- 
ously if  the  acid  be  concentrated ; on  the  application  of 
heat  if  the  acid  be  diluted.  This  effervescence  is  owing 
to  the  emission  of  a gas,  which  may  be  received  in  glass 
jars  standing  over  water.  This  gas,  which  was  first  ex- 
amined by  the  Dutch  chemists  f,  is  a compound  of  ni- 
trous gas  and  ether.  It  has  been  termed  for  that  rea- 
son etherised  nitrous  gas. 

This  gas  has  a disagreeable  ethereal  odour : it  burns 
with  a yellow  flame;  is- completely  absorbed  by  water, 


* Deyeux,  Ann.  defl'wt.  xiii.  144, 
f ]</ur.  (k  Pbys.  xlv.  *45. 
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alcohol,  and  the  solution  of  potass ; ammonia  has  no 
' action  on  it.  When  fired  along  with  oxygen  gas  it  de- 
tonates.  Sulphuric,  sulphurous,  nitric,  and  muriatic 
acids,  decompose  it  by  abstracting  the  ether,  and  leaving 
nitrous  gas  behind. 

What  remains  after  this  gas  has  separated  consists 
chiefly  of  acetic  acid. 

2.  When  one  part  of  alcohol  and  three  parts  of  nitric 
acid,  of  the  specific  gravity  1.261,  are  mixed  together, 
and  a very  moderate  heat  applied,  a great  quantity  of 
gas  is  disengaged,  which  consists  chiefly  of  nitrous  ethe- 
rised gas  and  nitrous  gas.  When  only  T'T  part  of  the 
liquid  remains  in  the  retort,  if  it  be  allowed  to  cool  a 
number  of  crystals  of  oxalic  acid  are  formed  *.  By  this 
process  1.167  parts  of  oxalic  acid  may  be  obtained  from 
16  parts  of  alcohol  f. 

3.  When  one  part  of  nitric  acid  is  poured  upon  its 
bwn  weight  of  alcohol,  and  one  part  of  sulphuric  acid 
is  added  a little  after,  the  mixture  takes  fire  and  burns 
with  great  rapidity.’  When  this  experiment  is  per- 
formed in  close  vessels,  the  products  are  ether  and  oil, 

A. 

besides  what  remains  in  the  vessel  in  which  the  com. 

% 

bustion  takes  place 

4.  When  nitric  ether  is  prepared  by  the  processes 

above  described,  the  products  are  nitrous  gas,  ether, 
oil,  acetic  acid,  oxalic  acid,  carbonic  acid  gas.  Hence 
we  see  that  the  products  are  nearly  the  same  as  those 
which  are  obtained  from  the  action  of  sulphuric  acid 
on  alcohol.  The  differences  are  chiefly  two:  1.  The 


* Schcelc  and  Hermstadt.  f Sage,  Jour  dt  Pbys.  1.  346, 
J Brugnatclli,  Ann.  dt  Cbim.  xxix.  327. 
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nitric  acid  is  completely  decomposed,  and  its  decompo- 
sition commences  whenever  the  two  bodies  are  mixed. 

2.  No  charcoal  is  precipitated ; it  combines  with  the 
oxygen  of  the  acid,  and  flieS  off  in  the  form  of  carbonic 
acid  gas.  It  is  possible,  then,  that  nitric  ether  may  be 
exactly  the  same  with  sulphuric  ether;  though  this  has 
not  yet  been  proved. 

5.  When  nitric  acid,  partly  saturated  with  mercury, 
is  poured  upon  alcohol;  and  heat  applied,  the  products 
are  nearly  the  same,  but  the  phenomena  are  very  diffe- 
rent. The  curious  appearances  which  accompany  this 
mixture  were  first  observed  and  explained  by  Mr 
Howard*.  The  process,  as  described  by  him,  is  as 
follows:  Dissolve,  by  means  of  heat,.  100  grains  of 
mercury  in.  a measured  ounce  and  a half  of  nitric  acid 
of  the  specific  gravity  of  about  1.3.  Pour  this  solution 
upon  two  measured  ounces  of  alcohol,  and  apply  heat 
till  the  mixture  begins  to  effervesce.  The  heat  is  then 
to  be  withdrawn.  The  action  becomes  violent,  and  con- 
tinues for  some  time  ; a dense  white  smoke  issues  from 
the  vessel,  which  is  heavier  than  the  atmospheric  air, 
and  may  be  poured  into  glass  jars,  -where  it  continue^ 
for  some  time  like  fine  white  clouds.  Mr  Howard  has 
made  it  probable  that  this  fume  is  composed  of  ethe- 
rised nitrous  gas  holding  oxide  of  mercury  in  solution. 
Meanwhile  a white  powder  falls  to  the  bottom  of  the 
mixture.  When  the  effervescence  is  over,  this  whitfe 
powder  is  to  be  separated  by  filtration,  washed  with 
pure  wafer,  and  dried  in  a heat  not  exceeding  21  20. 

•Mr  Howard  has  examined  the  properties  of  this  pow- 
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der,  which  has  the  appearance  of  minute  crystals.  He 
has  given  it  the  name  of  fulminating  mercury. 

When  heated  to  the  temperature  of  368°,  it  explodes 
vithr  considerable  violence.  The  same  effect  is  produ- 
ced by  friction,  by  the  blow  of  a hammer,  by  electri- 
city, and  by  flint  and  steel.  The  products,  after  com- 
bustion, are  carbonic  acid  gas,  azotic  gas,  water,  and 
mercury.  It  produces  very  violent  effects,  but  only  at 
a small  distance.  Concentrated  sulphuric  acid,  when 
poured  upon  it,  causes  an  immediate  explosion  ; dilu- 
ted sulphuric  acid  likewise  decomposes  it,  but  without 
exploding.  A gas  passes  over,  which  is  a mixture  of 
carbonic  acid,  and  of  a peculiar  inflammable  gas  which 
burns  with  a greenish  flame  ; the  same  into  which  the 
etherised  nitrous  gas  is  converted  by  the  action  of  di- 
luted sulphuric  acid.  There  remain  in  the  sulphuric 
acid  a white  powder,  consisting  of  oxalat  of  mercury 
and  a few  globules  of  mercury*. 

From  the  experiments  of  Mr  How’ard,  it  follows  that 
this  powder  is  composed  of  oxalat  of  mercury  and  ni- 
trous etherised  gas.  But  the  subsequent  analysis  of 
Fourcroy  has  shewn,  that  it  varies  in  its  nature  ac- 
cording to  the  mode  of  preparing  it.  When  prepared 
in  Howard’s  way  with  little  heat,  it  is  a compound  of 
nitric  acid,  oxide  of  mercury,  and  a peculiar  vegetable 
substance.  When  the  heat  is  continued  during  the 
whole  fermentation,  the  powder  has  a greenish  colour. 
It  detonates  more  feebly,  and  on  hot  coals  emits  a blue 
flame.  It  is  composed  in  that  case  of  ammonia,  oxide 
©f  mercury,  and  more  of  the  peculiar  vegetable  matter. 


* Howard,  Nicholson’s  Journal,  iv.  173. 
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When  the  mixture  is  boiled  for  half  an  hour,  the  pow- 
der is  composed  of  oxalat  of  mercury  and  a very  small 
quantity  of  vegetable  matter.  It  does  not  detonate,  but 
decrepitates  when  heated*.  These  experiments  of  Four- 
croy  enable  us  to  reconcile  the  seemingly  opposite  re- 
sults of  Howard  and  Berthollet  f. 

III.  Muriatic  Ether. 

After  the  discovery  of  sulphuric  and  nitric  ethers, 
various  attempts  were  made  to  obtain  ether  by  the  ac- 
tion of  muriatic  acid  on  alcohol  : But  this  acid  in  its 
usual  state  is  too  much  diluted  with  water  to  act  with 
much  energy  upon  alcohol.  It  was  necessary  therefore, 
in  order  to  procure  muriatic  ether,  to  employ  the  acid 
in  a different  state.  Two  methods  have  been  disco- 
vered. 

i.  Those  muriatic  salts  are  chosen  which  may  be  ob- 
tained dry,  and  at  the  same  time  have  a strong  affinity 
for  water.  All  the  salts  which  have  been  hitherto  tried 
with  success  have  a metallic  base  in  the  state  of  a per- 
oxide J.  The  oxymuriats  of  mercury,  iron,  arsenic, 
and  antimony,  produce  ether  when  distilled  with  alco- 
hol : but  the  salt  which  answers  best  is  the  oxymuriat 
of  tin.  By  means  of  this  salt  Courtanvaux  formed 
ether,  in  1759,  by  the  following  process:  Three  parts 


* Journal  of  the  Royal  Imltt.  i.  256. 

f According  to  Berthollet,  fulminating  mercury  is  composed  of  am- 
monia, oxide  of  mercury,  and  altered  alcohol,  which  produces  carbonic 
acid  when  decomposed.  Phil.  Mag.  xii.  92. 

t I distinguish  this  state  of  oxidizement  in  the  njctallic  salts  by  pre- 
fixing oxy  to  the  psual  names  of  the  salt. 
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T^visLn  i fum,‘nS  %muiiat  of  tin  and  one  part  of  alcohol  art 
— ✓- — mixed  together  j and  after  the  vapours  and  heat  produ- 
ced have  subsided,  the  mixture  is  put  into  a retort,  to 
. which  two  large  receivers  are  attached,  and  distilled. 
There  comes  over  first  a little  alcohol,  then  the  ether*. 
This  salt  has  been  lately  recommended  as  very  proper 
for  making  muriatic  ether  by  Klaproth f. 

By  the  2-  Pure  alcohol  is  saturated  with  muriatic  acid  gas  as 
free  from  water  a§  possible.  The  following  is  the  for- 
mula recommended  by  Mr  Basse.  Keep  a quantity  of 
common  salt  for  an  hour  in  a state  of  fusion,  in  order 
to  deprive  it  of  its  water  of  crystallization.  Put  20 
parts  of  this  salt  into  a tubulated  retort,  to  the  beak  of 
which  is  fitted  a bent  tube,  plunging  into  a Woulfe’s 
bottle  containing  to  parts  of  alcohol  as  strong  as  pos- 
sible. Introduce  into  the  retort,  in  small  quantities  at 
a time,  10  parts  of  the  most  concentrated  sulphuric 
acid,  allowing  the  common  air  to  escape  from  the  bottle 
containing  the  alcohol  ; then  distil  in  a sand  bath  till 
the  muriatic  acid  comes  over,  keeping  the  alcohol  bottle 
as  cool  as  possible  during  the  process.  The  alcohol, 
thus  saturated  with  acid,  is  piit  into  a retort,  and  one 
half  of  it  distilled  over.  Agitate  this  portion  with  an 
alkaline  ley,  and  then  decant  off  the  ether  which  swims 
on  the  surface  ; it  usually  amounts  to  2i  parts:):. 


* Jour,  dt  Scav.  1 759,  p.  549.  This  process  was  discovered  by  Rouelle. 
See  Jour,  de  Fbys.  lvi.  21 9.  .. 

d Crell’s  Annals , 1 796,  ii.  pg. 

t Jour,  dc  Cbim.  iv.  86.  This  method  is  very  similar  to  the  following 
•one  given  before  by  Van  Mons : Saturate  a given  quantity  of  alcohol 
with  muriatic  acid,  by  distilling  a mixture  of  two  parts  of  common  salt 
and  one  part  of  sulphuric  acid  into  a Wojilfe’s  apparatus  containing  t,wo 
Parts  of  alcohol.  Mix  this  saturated  alcohol  with  half  a part  of  blaffc 
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After  the  discovery  of  oxymuriatic  acid,  Scheele  | Chap.  V 
showed  that  ether  might  be  obtained  by  distilling  a Action  of' 
mixture  of  alcohol,  black  oxide  of  manganese,  and  mu-  acS^o'nal^ 
riatic  acid ; or  by  distilling  sulphuric  acid,  common  salt,  c°hoL 
black  oxide  of  manganese,  and  alcohol : but  the  quan- 
tity which  can  be  obtained  by  this  process  is  trifling ; 
for  the  oxymuriatic  acid  acts  upon  the  ether  formed, 
and  converts  it  into  a kind  of  oil.  Indeed,  if  we  believe 
Mr  Basse,  ether  is  never  obtained  by  means  of  oxymu- 
riatic acid,  but  merely  an  oil  which  sinks  in  water  *. 

Muriatic  ether  is  transparent,  colourless,  and  volatile 
like  sulphuric  ether,  which  it  resembles  indeed  exactly 
except  in  two  particulars  : 1 . When  burnt  it  exhales  an 
acrid  odour  like  that  of  sulphurous  acid.  2.  Its  taste 
is  astringent  like  that  of  alum.  These  peculiarities  are 
probably  owing  to  the  mixture  of  some  extraneous 
body. 

The  theory  of  the  formation  of  muriatic  ether  is  pro- 
bably nearly  the  same  with  that  of  sulphuric  ether. 

IV.  Acetic  Ether . 

.Ether  may  be  produced  also  by  the  action  of  acetic 
acid  on  alcohol.  This  was  discovered  by  the  Count  de 
Lauraguais  in  1759  f.  He  obtained  it  by  distilling  a 
mixture  of  acetic  acid  and  akohol  with  the  same  pre- 


oxide of  manganese,  and  put  mta  the  Woulfe’s  apparatus  a solution  of 
j ure  potass  in  water,  and  distil  with  a low  heat.  The  edict  and  oxy- 
muriatic  acid  pass  over,  and  the  potass  prevents  the  acid  from  acting  so 
violently  011  the  ether.  See  Ann.  de  Chim,  xxxiv.  144, 

* "Jour,  de  Cbim.  iv.  88. 

^ "Jijur.  de  Scav.  1759,  f*  3J4* 
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Division!.  ^aut*ons  aj  are  employed  in  the  distillation  of  sulphuric 
ether. 

The  process,  as  corrected  by  Pelletier,  is  as  follows : 
ix  together,  in  a retort,  equal  quantities  of  acetic 
acid  (from  acetat  of  copper)  and  alcohol,  and  distil 
over  the  alcohol.  Pour  it  back  into  the  retort,  and  di- 
stil a second  time.  What  comes  over  must  be  poured 
back  a second  time,  and  subjected  to  a third  distillation. 
The  product  of  this  third  distillation  is  a mixture  of 
acetic  acid  and  ether.  Saturate  the  acid  with  potass, 
and  distil  with  a moderate  heat.  Acetic  ether  comes 
over  pure*".  Bucholz  has  given  another  process,  which 
is  much  more  economical.  Put  into  a retort  16  parts 
of  acetat  of  lead,  6 parts  of  strong  sulphuric  acid,  and 
9 parts  of  alcohol.  Distil  over  10  parts.  Agitate  this 
liquid  with  a third  of  its  bulk  of  lime-water,  and  de- 
cant off  the  ether  which  will  swim  on  the  surface.  It 
usually  amounts  to  6 parts f. 

Scheele  could  not  succeed  in  obtaining  ether  by  Lau- 
raguais  s process ; most  likely  because  he  neglected  to 
return  the  distilled  liquid  a sufficient  number  of  times 
into  the  retort.  But  he  discovered  another,  by  which 
it  may  be  obtained  without  difficulty.  Nothing  more 
is  necessary  than  to  add  a little  sulphuric  acid  to  the 
mixture  ; or  acetic  ether  may  be  obtained  by  dissolving 
one  part  of  acetat  of  potass  in  three  parts  alcohol,  add- 
ing more  sulphuric  acid  than  is  sufficient  to  saturate 
the  potass,  and  then  distilling  %. 

Acetic  ether  has  the  properties  of  the  other  ethers. 


Schcele’s 

process. 


* Jour,  de  Phys.  XXviii.  141. 
J Schcele,  ii.  117. 


t J^r.  de  Cbim.  iii, 
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excepting  only  that  the  odour  of  acetic  acid  is  percep-  CW 
tible  in  it.  Most  probably  it  differs  from  sulphuric 
ether  only  in  holding  a little  acetic  acid  in  solution. 

Ether  may  be  formed  also  by  several  other  acids. 
Scheele  obtained  it  by  distilling  a mixture  of  fluor  spar, 
black  oxide  of  manganese,  alcohol,  and  sulphuric  acid  ; 
and  Bergman  by  means  of  oxalic  acid.  Scheele  found 
that  the  following  acids  did  not  form  ether  with  alco- 
hol*. 

1.  Muriatic,  4.  Boracic,  7.  Citric, 

2.  Fluoric,  5.  Benzoic,  8.  Succinic, 

3.  Phosphoric  f,  6.  Tartaric,  9.  Arsenic, 

The  different  species  of  ether  have  not  been  examined 
with  sufficient  care;  but  the  general  opinion  at  present 
among  chemists  is,  that  there  is  only  one  ether,  and 
that  the  differences  which  manifest  themselves  in  the 
ethers  prepared  with  different  acids,  are  owing  to  fo- 
reign substances  with  which  the  ether  is  contaminated. 

But  in  all  probability  this  opinion  will  not  be  confirm- 
ed by  future  experiments. 


• Scheele,  u.  117. 

t Boudet  has  published  a dissertation  on  the  distillation  of  phosphoric 
acid  and  alcohol.  He  obtained  a liquid  lighter  than  alcohol ; but  it  was 
soluble  in  water,  and  therefore  did  not  possess  the  properties  of  ethep. 
See  Ann.  dc  Chim.  xl.  Ii3. 
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I hough  the  processes  hitherto  tried  for  obtaining 
this  substance  in  a separate  state  succeed  but  imperfect*. 
ly,  and  though  its  properties,  in  consequence,  have  not 
been  examined  with  precision  ; yet  as  it  is  employed  as 
an  instrument  of  analysis,,  it  is  entitled  to  a place  in  cfie 
first  Part  of  this  Work. 

History.  Deyeux  was  perhaps  the  first  chemist  who  ascertain- 
ed the  peculiar  nature  of  tan.  He  pointed  it  out  in  his 
analysis  of  nutgalls  as  a peculiar  resinous  substance, 
but  without  assigning  it  any  name*.  Seguin  soon  af- 
ter engaged  in  a set  of  experiments  on  the  art  of  tan- 
ning leatherf;  during  which  he  discovered  that  tan  has 
the  property  of  precipitating  glue  from  its  solutions  in 
water,  and  of  combining  with  the  skins  of  animals. 
This  led  him  to  suppose  it  the  essential  constituent  of 
the  liquids  employed  for  tha  purpose  of  tanning  lea- 
ther. Hence  the  names  tannin  and  tanning  principle 
given  it  by  the  French  chemists  $.  But  it  is  to  Mr 
Proust  that  we  are  indebted  for  the  investigation  of  the 
nature  and  properties  of  tan,  and  of  the  methods  of  ob- 
taining it  in  a separate  state  Much  curious  and.  im- 


* yliin.  de  Cbim.  xvii.  23.  f Ibid.  XX.  38. 

| It  is  usually  termed  tannin  by  British  chemists ; but  this  term  is. 
ambiguous  in  our  language,  unless  it  be  pronounced  as  a French  word. 
I have  therefore  shortened  it  into  tan  ; a term  already  in  common  use. 
V tin.  de  Cbim.  xx. v.  223. — jxxv.  32. — and  xlii.  83. 
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portant  information  has  likewise  been  obtained  by  the  | Chap.V. 
experiments  pf  Mr  Davy  on  the  constituent  parts  of  as- 
tringent vegetables,  and  on  their  operation  in  tanning*. 

Fiedler  +,  Richter  J,  and  Merat  Guillot§,  have  also  pub- 
lished interesting  experiments  on  this  difficult  subject. 

i.  Tan  exists  in  a great  number  of  vegetable  ‘sub- 
stances ; but  it  may  be  procured  most  yeadily  and  in  the 
greatest  purity  from  nutgalls  and  tatechu. 

Nutg  alls  are  excrescences  formed  on  the  leaves  of  Prepara- 
the  oak  by  the  puncture  of  an  insect  which  deposites  nutgaik/ 
its  e?gs  on  them.  The  best  are  known  by  the  name 
of  Aleppo  galls , imported  in  large  quantities  in  this 
country  for  the  use  of  the  dyers,  calico-printers,  & c. 

They  are  hard  like  wood,  round,  often  nodulated  on  the 
surface,  of  an  olive-green  colour,  and  an  excessively 
disagreeable  taste.  They  are  in  a great  measure  sc^ 
luble  in  water  *,  what  remains  behind  is  tasteless,  and 
possesses  the  properties  of  the  fibre  of  wood.  A very 
great  proportion  of  water  is  necessary  to  carry  off  every 
thing  soluble.  Deyeux  found,  that  a French  pound  of 
nutgalls  required  96  French  pints  of  water,  applied  in 
20  different  portions  one  after  the  other,  and  allowed 
to  macerate  each  a considerable  time||,  1 his,  reduced 
to  our  standard,  gives  us  about  150  English  pints  to  a 
pound  trey  of  nutgalls. 

From  the  analyses  of  Deyeux  and  Davy,  it  follows, 
that  the  soluble  part  of  nutgalls  consists  chiefly  of  five 
ingredients;  namely,  tan,  extract,  mucilage <f,  gallic 


* Phil.  Trans.  1 803,  p.  233.  and  Jour,  of  the  Royal  Insist.  vol.  ii. 
j Jour,  de  CLim.  i.  86.  t Ibid.  iii.  307.  and  334. 

§ Ann.  de  Chins,  xli.  323.  ||  Ibid.  xvii.  12. 

^1  Extract  and  mucilage  are  vegetable  suLstances  which  will  be  treat- 
led  of  in  a subsequent  part  of  this  Work. 
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* v grains  of  A,ePP°  galls  formed  with  water  a solution 
which  yielded  by  slow  evaporation  185  grains  of  mat- 
fer.  This  matter  he  found  ctompos,ed  of 
130  tan 

31  gallic  acid  and  extract 
12  mucilage  and  extract 
12  lime  and  saline  matter 

185*  . ' 

So  that  the  tan  constitutes  rather  more  than  two-thirds 
of  the  whole. 

2.  No  fewer  than  four  methods  have  been  proposed 
to  separate  tan  from  the  infusion  of  nutgalls,  and  pro- 
cure it  in  a state  of  purity  ; but  none  of  them  answers 
the  purpose  completely. 

inst.  When  a solution  of  muriat  of  tin  is  dropped 
into  the  infusion  of  nutgalls,  .a  copious  yellow  precipi- 
tate immediately  falls  ; which,  when  separated  by  fil- 
tration and  dried,  assumes  the  appearance  of  a buff-co- 
loured light  powder.  According  to  Mr  Proust,  who 
fast  examined  this  powder,  it  is  a compound  of  oxide 
of  tin  and  tan.  If  it  be  mixed  with  water,  and  a pur- 
xent  of  sulphureted  hydrogen  gas  passed  through  it, 
sulphuret  of  tin  is  formed,  which  remains  insoluble  ; 
and  the  tan,  as  it  is  separated  from  the  oxide,  dissolves  in 
the  water.  Ihis  water,  when  freed  from  the  sulphuret 
by  filtration,  and  evaporated  to  dryness,  leaves  a brown 
coloured  substance,  which  Proust  considered  at  first  as 
pure  tanf.  But  as  the  infusion  of  nutgalls  contains  a 


* Fill.  Tram.  1803.  351. 


f Ann.  de  Cbim.  XXV.  226. 
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portion  of  extract,  which  is  likewise  precipitated  by  Chap 
muriat  of  tin,  it  is  obvious  that  by  this  process  we  do 
not  obtain  pure  tan,  but  a combination  of  tan  and  ex- 
tract. Neither  is  the  whole  of  the  tan  precipitated  ; a 
portion  of  it  combined  with  the  oxide  remaining  in  so- 
lution, unless  thrown  down  by  aa  alkali*.  Mr  Davy 
has  rendered  it  probable  that  this  precipitate  contains 
also  muriatic  acidf.  From  these  facts  it  is  obvious 
that  pure  tan  is  not  obtained  by  this  process. 

Second.  When  the  infusion  of  nutgalls,  somewhat 
concentrated  by  evaporation,  is  mixed  with  a saturated 
solution  of  carbonat  of  potass,  a yellow-ish-white  matter 
precipitates  abundantly  in  the  form  of  flakes.  When 
this. precipitate  is  dried,  it  assumes  the  form  of  a whi- 
tish powder,  which  was  first  examined  by  Deyeux,  to 
whom  we  are  indebted  for  the  process  if.  Proust  con- 
siders this  precipitate  as  pure  tan ; and  accordingly 
proposes  this  protess  as  one  of  the  easiest  for  procuring 
that  substance  from  the  infusion  of  nutgalls.  Accord- 
ing to  him,  carbonat  of  potass  has  a stronger  affinity  for 
water  than  tan.  Hence  the  reason  that  it  occasions  its 
precipitation  But  this  conclusion  is  by  no  means 
consistent  with  the  properties  of  the  precipitate  ascer- 
tained by  Deyeux,  and  is  altogether  inconsistent  with 
the  properties  ascertained  by  Davy.  Its  colour  is  white  ; 
it  is  nearly  tasteless ; it  is  not  completely  soluble  in 
water  ; when  heated,  it  yields  crystals  of  gallic  acid. 

Mr  Davy  has  shewn  that  it  consists  chiefly  of  tan  and 
gallic  acid  combined  with  the  carbonacs  of  potass  and 


* Proust,  Ann.  de  C'Lim.  xlii.  89. 
| Ann.  de  Chim,  xvii.  1 9. 


f Phil.  Trane.  1803,  p.  249. 
§ Ann.  de  Cbim.  xxxv.  32. 
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'Third.  When  concentrated  sulphuric  or  muriatic 
acid  is  dropt  into  a strong  infusion  of  nutgulls  a white 
curdy  precipitate  immediately  falls.  This  fact  was 
first  observed  by  Dize  f.  According  toProust,  the  pre- 
cipitate is  a compound  of  tan  and  the  acid  employed. 
If  we  wash  it  with  cold  water,  dissolve  it  in  boiling  wa- 
ter, and  saturate  the  acid  with  carbonat  of  potass,  the 
tan,  according  to  him,  separates  in  a state  of  purity.  It 
may  be  washed  with  cold  water  and  dried  But 
besides  tan,  extract  must  be  present  in  this  precipi^ 
fcate  ; for  it  is  well  known  that  it  is  thrown  down 
by  sulphuric  acid.  Mr  Davy  has  rendered  it  probable, 
that  it  contains  also  some  gallic  acid.  By  distilling  it  in 
a.  heat  above  212°,  he  obtained  a yellowish  coloured  li- 
quid, which  gave  a black  colour  to  oxy-sulphat  of  iron, 
though  it  formed  no  precipitate  with  gelatine  •,  it  there- 
fore. contained  gallic  acid  §.  This  method,  then,  is 
equally  defective  with  the  others. 

Fourth.  If  lime  water  be  mixed  with  an  infusion  of 
nutgalls,  a copious  precipitate  falls.  When  this  preci* 
pitate  is  treated  with  diluted  nitric  or  muriatic  acid,  an 
effervescence  takes  place,  the  liquid  becomes  deep  co- 
loured ; and  when  filtered  leaves  behind  it  a substance 
of  a brilliant  black  colour,  which  Merat-Guillot,  to 
whom  we  are  indebted,  for  this  process,  considers  as 
pure  tan  ||.  But  Mr.  Davy  has  shewn  that  it  must  al- 
so contain  the  extractive  matter  which  is  thrown  down 
in.  combination  with  lime  as  well  as  the  tan  ^f.  The 


f Ann.  dc  Chim.  XXxiv.  37. 

Phil.  T tans.  1803.  a 4 Ob 
^ Phil.  Trant.  1 803.  36a, 


* Phil.  Trans.  1803.  243. 
^ Ann.  dc  Chim.  p.  37. 
\[Ann.  dt  Chim.  xli.  323. 
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tffer/escence  indicates  sufficiently  the  presence  of  car- 
bonic acid  ; a proof  that  the  precipitate  is  even  still  more 
complicated.  Thisjnethod,  theo/is  scarcely  preferable 
tD  the  former. 

3.  Thus  have  we  examined  all  the  processes  hitherto 
recommended  *,  without  finding  any  one  of  them  capa- 
ble of  furnishing  us  with  tan  in  a state  of  purity.  The 
following  method,  which  is  the  oldest  and  the  -simplest 
•of  all,  yields  it  as  pure  as  any  other  yet  published. 
Reduce  nutgalls  to  a coarse  powder,  and  infuse  them 
in  water  till  the  liquid  is  saturated.  Decant  off  the  li- 
quid, and  boil  it  to  dryness,  a blackish  matter  remains, 
which  is  tan  nearly  pure. 

According  to  Mr  Davy,  “the  strongest  infusion  of  galls 
is  of  the  specificgravity  1.068  ; and  when  evaporated  at 
a temperature  below  200°,  yields  a mass  composed  of^ 
tan  and  ^'gallic  acid  and  extract  f.  But  at  a boiling  heat 
most  of  the  gallic  acid  is  dissipated  or  destroyed,  and  » 
portion  of  the  extract  is  rendered  insoluble  in  water. 

4.  CaTechu,  or  terra  japonica  as  it  is  also  called,  is  a 
substance  obtained  by  decoction  and-evapoTation  from  a 
•species  of  the  mimosa  which  abounds  in  India.  It  has 
•a  reddish  brown  colour,  an  astringest  taste,  leaving  an 
impression  of  sweetness  ; it  is  not  altered  by  exposure  to 
the  air.  There  are  two  varieties  of  it ; one  from  Bom- 
bay, which  has  the  lightest  colour,  and  a specific  gravity 
of  1.39  ; and  one  from  Bengal,  which  is  of  the  colour  of 
chocolate;  its  specific  gravity  is  1.28  This  sub- 


processes  hitherto  tried  may  in  fact  be  reduced  to  one  or 
other  of  these  four . 

t Phil.  Trent.  1803.  14O.  t Davy,  Ibid.  25a, 
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stance  was  examined  by  Davy,  and  found  to  consist  chief- 
ly  of  tan  combined  with  a peculiar  species  of  extract. 
If  the  darkest  parts  of  the  catechu  be  selected  and  infu- 
sed in  cold  distilled  w-ater  for  a short  time,  the  infusion, 
when  evaporated  to  dryness,  consists  of  tan  combined 
with  a very  minute  quantity  of  extract.  It  may  there- 
fore be  employed  to  ascertain  the  properties  of  tan. 

5.  Tan  obtained  from  the  infusion  of  hutgalls  by 
the  last  process,  is  a brittle  substance,  of  a brown  co- 
lour. It  breaks  with  a vitreous  fracture,  and  does  not 
attract  moisture  from  the  air.  Its  taste  is  exceedingly 
astringent.  It  is  very  soluble  in  water.  The  solution 
is  of  a deep  brown  colour,  a very  astringent  and  bitter 
taste,  and  has  the  odour  which  distinguishes  a solution 
of  nutgalls.  It  froths,  when  agitated,  like  a solution 
of  soap  ; but  does  not  feel  Unctuous.  Tan  is  still 
more  soluble  in  alcohol  than  in  water.  The  solution 
has  a deep  brown  colour  and  an  astringent  taste. 

When  heated,  it  blackens,  emits  carbonic  acid  gas, 
and  in  the  open  air  burns,  leaving  always  a small  por- 
tion of  lime. 

6.  From  the  experiments  of  Proust,  Davy  and  Dey- 
eux,  we  learn,  that  it  is  capable  of  combining  with  oxy- 
gen ; but  at  the  same  time  it  is  either  decomposed  alto- 
gether, or  its  nature  completely  altered.  Thus  nitric 
acid  oonverts  it  into  a yellowish  brown  matter  soluble  in 
alcohol,  and  similar  in  its  properties  to  an  extract  *. 
Oxymuriatic  acid  produces  similar  effects  ; and  Mr 
Proust  has  observed,  that  the  peroxide  of  tin  changes 
it  also  into  an  extract  f,  perhaps  by  communicating 
oxygen. 


* Davy,  Phil.  Tran*.  1803,  p,  *41. 


f Ann.  dc  Chirtt,  xlii,  Jj. 
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7.  The  action  of  the  simple  combustibles  on  tan  ha& 
not  been  examined. 

8.  The  action  of  the  metals  upon  tan  does  not  seem 
to  be  great  ; but  almost  all  the  metallic  oxides  have  an 
affinity  for  it,  and  are  capable  of  combining  with  it ; 
the  compound  is  usually  nearly  insoluble  in  water. 
Hence  the  reason  why  the  infusion  of  nutgalls  precipi- 
tates metallic  solutions  so  readily.  These  compounds 
have  been  hitherto  in  a great  measure  overlooked  by 
chemists.  The  following  observations  contain  the  facts 
at  present  known. 

When  the  peroxide  of  tin  or  zinc  is  boiled  in  the  in- 
fusion of  galls,  it  acquires  a dull  yellow  colour,  and  ab- 
stracts all  the  constituents  from  the  infusion,  leaving 
behind  only  pure  water.  The  oxides  thus  combi- 
ned with  tan,  &c.  are  partly  soluble  in  muriatic  acid, 
and  the  solution  indicates  the  presence  of  tan  and  gallic 
acid  *.  When  peroxide  of  tin  is  allowed  to  act  upon 
the  cold  infusion,  it  abstracts  all  its  constituents  in  a 
few  days.  But  Mr  Proust  f affirms,  that  in  that  case  the 
gallic  acid  is  mostly  destroyed,  and  a portion  of  the  tan 
brought  to  the  state  of  extract. 

When  the  metallic  salts  are  mixed  with  the  infusion 
of  galls,  the  precipitate  consists  of  the  metallic  oxide 
combined  with  the  tan,  the  extract,  and  the  acid  of  the 
infusion;  and,  according  to  Davy,  it  contains  also  a por- 
tion of  the  acid  of  the  metallic  salt  J. 

Tan  produces  no  change  upon  the  solution  of  sulphat 
of  iron  : but  when  it  is  mixed  with  a solution  of  the 


* Davy,  Phil.  Trait.  1803.  144.  f Ann.  de  dim.  ilii.  pa, 

\ Phil.  Trans.  1803.  248. 

■ VoL.  II.  R 


257 

Chap.  V. 

» f 

Action  of 

metallic 

oxides, 


COMPOUND  COMBUSTIBLES. 


258 

Book  H.  oxy-sulphat  of  iron,  a deep  blue  coloured  precipitate  im* 
Division  I.  ypejiateiy  appears,  consisting  of  the  tan  combined  with 
the  oxide.  This  precipitate,  when  dried,  assumes  a 
black  colour.  It  is  decomposed  by  acids. 

When  too  great  a proportion  of  oxy-sulphat  of  iron 
is  poured  into  a solution  of  tan,  the  sulphuric  acid,  set 
at  liberty  by  the  combination  of  the  iron  and  tan,  is  suf- 
ficient to  re-dissolve  the  precipitate  as  it  appears ; but 
the  precipitate  may  easily  be  obtained  by  cautiously  sa- 
turating this  excess  of  acid  with  potass.  When  the  ex- 
periment is  performed  in  this  manner,  all  the  oxy-sul- 
phat of  iron  which  remains  in  the  solution  undecompo- 
Sed  rs  converted  into  sulphat.  Mr  Proust  supposes  that 
this  change  is  produced  by  the  tan  absorbing  oxygen 
from  the  iron.  The  same  change  takes  place  if  oxide 
be  mixed  with  a considerable  excess  of  sulphuric  acid, 
and  diluted  with  water.  Common  writing  ink  is  a 
combination  of  gallat  of  iron  and  tannat  of  iron*. 

When  the  infusion  of  galls  is  digested  upon  iron  or 
its  oxides,  a black  solution  is  usually  formed,  which,  ac- 
cording to  Proust,  when  mixed  with  the  usual  propor- 
tion of  gum,  forms  a very  good  ink.  I find,  however, 
that  ink  formed  in  this  way  is  not  quite  so  black  as 
common  ink  J. 


* The  infusion  of  nutgalls  does  not  detect  small  quantities  of  iron  in 
ablution,  provided  there  be  an  excess  of  acid,  till  that  excess  is  saturated. 

* In  making  ink,  the  most  important  point  is,  to  have  a sufficient  quan- 

tity of  tan  present.  When  the  iron  is  in  excees,  the  black  particles  gra- 
dually fall,  and  the  ink  becomes  brown  If  a plate  of  iron  be  kept 
in  ink,  the  whole  of  the  inky  particles  precipitate  in  a short  time. 
Several  other  metals  produce  the  same  effect.  Hence  perhaps  the  reason 
why  ink  always  becomes  bad  if  kept  in  metallic  vessels.  1 he  following 
formula,  published  by  Professor  Robison,  answers  well  for  making  good 
ink  1 . . 
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9.  The  alkalies  combine  readily  with  tan,  and  form 
With  it  a compound  soluble  in  water.  This  was  first 
observed  by  Deyeux,  whose  experiments  have  been  ve- 
rified by  Mr  Davy.  When  potass  Or  soda  is  added  to 
the  infusion  of  nutgalls,  the  liquid  assumes  a reddish- 
brown  colour,  and  loses  the  property  of  precipitating 
gelatine  till  the  alkali  is  saturated  with  an  acid.  When 
the  alkalized  infusion  is  evaporated  to  dryness,  an  olive 
coloured  mass  remains  of  a faint  alkaline  taste,  which 
deliquesces  in  the  air.  Ammonia  produces  the  same 
effect  upon  the  infusion  of  galls  ; but  when  the  mixture 
is  exposed  to  the  heat  of  boiling  water,  part  of  the  am- 
monia flies  off,  a precipitate  falls,  consisting  of  most  of 
the  tan  and  gallic  acid,  while  the  extract  remains  in  so- 
lution *. 

10.  All  the  earths  hitherto  tried  have  a strong  affi- 
nity for  tan,  and  form  with  it  compounds  for  the  most 
part  insoluble  in  water  ; the  properties  of  which  have 
scarcely  been  examined  by  chemists. 


Rasped  Logwood ......  1 ounce 

Best  nutgalls  hi  coarse  powder 3 

Gum  arabic  in  powder  . : . . . % 

Green  vitriol »..*...  I 

Rain  water 2 quarts 

Cloves  in  coarse  powder i drachm 


Boil  the  water  with  the  logwood  and  gum  to  one  hall ; strain  the  hot 
decoction  into  a glased  vessel ; add  the  galls  and  cloves ; mix  and  co- 
ver it  up.  When  nearly  cold,  add  the  green  vitriol,  and  stir  it  repeat- 
edly* After  some  days  decant  or  strain  into  a bottle,  to  be  kept  close 
corked  in  a dark  place.  The  use  of  the  cloves  is  to  prevent  mouldincss. 
The  same  thing  is  done  completely  by  the  addition  of  earrtiivt  sublimate. 
Black’s  Lectures , ii.  481. 

* Dayy,  Pbi/r  Tram.  1803.  p.  241. 
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When  barytes,  strontian,  or  lime-water,  is  poured  in- 
to the  infusion  of  galls,  an  olive  coloured  precipitate 
falls,  which  consists  not  only  of  the  tan,  but  also  of  the 
extract,  and  most  of  the  gallic  acid  combined  with  the 
earth.  When  magnesia  is  mixed  or  boiled  with  this  in- 
fusion, it  combines  with  all  its  constituents  ; the  gallat 
remains  mostly  in  solution,  and  gives  the  liquid  a green 
colour ; while  the  tan  and  the  extract  form  with  the 
magnesia  an  insoluble  compound,  and  give  it  a dirty 
yellow  colour.  Alumina  in  small  quantity  produces 
exactly  the  same  effect;  but  when  used  in  a greater  pro- 
portion, it  separates  all  the  constituents  of  the  infu- 
sion*. 

When  the  earthy  carbonats  are  boiled  in  the  infusion 
of  galls,  they  separate  the  tan  and  the  extract,  while 
they  combine  with  the  acid,  and  form  with  it  a salt 
which  remains  in  the  liquid,  and  gives  it  a green  co- 
lour  + . 

• • '’-ft 

11.  Sulphuric,  nitric,  and  muriatic  acids,  precipitate 
tan  from  the  infusion  of  galls,  and  form  with  it  com- 
pounds which  are  soluble  in  water.  The  action  of  other 
acids  on  it  has  not  been  tried. 

12.  But  one  of  the  most  important  properties  of  tan 
is  the  insoluble  compound  which  it  forms  with  glue  or 
gelatine , as  this  substahce  is  termed  by  chemists.  It  is 
therefore  employed  to  detect  the  presence  of  gelatine  in 
animal  fluids;  and,  on  the  other  hand,  solutions  of  ge- 
latine are  employed  to  detect  the  presence  of  tan  in 
vegetable  fluids,  and  to  ascertain  its  quantity.  Now 
although  the  compound  of  gelatine  and  tan  is  insoluble 


• Davy,  Phil.  Tram.  1803,  p.  441-  t Id-  lbid- 
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in  water,  it  is  soluble  both  in  the  solution  of  tan  and  t Chap.  V. 
of  gelatine  when  sufficiently  diluted.  It  is  necessary, 
therefore,  that  the  solution  of  gelatine,  used  to  detect 
tan,  should  be  as  concentrated  as  is  consistent  with  its 
perfect  fluidity ; for  glue^  when  gelatinous,  does  not 
act  upon  tan.  It  is  necessary  also  that  it  should  be 
employed  quite  fresh ; for  when  in  a state  of  putrefac- 
tion, it  loses  its  property  of  precipitating  tan*.  Mr 
Davy  has  ascertained,  that  the  best  proportion  for  use 
is  a solution  of  120  grains  of  isinglass  f in  20  ounces  of 
water.  Care  must  be  taken  not  to  add  an  excess  of  the 
solution  to  the  liquid  from  which  the  tan  is  to  be  sepa- 
rated ; because  the  compound  of  tan  and  gelatine  is  re- 
dissolved by  the  solution  of  gelatine.  According  to  the 
analysis  of  Mr  Davy,  this  compound,  when  dried  in 
the  temperature  of  150°,  is  composed  of 
54  gelatine 
46  tan 


1 00 1 

13.  When  tan  is  distilled,  it  yields  an  acid  liquor, 
which  blackens  solutions  of  iron,  because  it  contains  a 
little  tan  unaltered  : there  comes  over  also  a little  em- 
pyreumatic  oil,  and  a voluminous  coal  remains  behind, 
amounting  to  ^ of  the  tan  distilled  $. 

14.  It  appears,  from  the  experiments  of  Mr  Davy 
and  Mr  Chenevix,  that  tan  is  sometimes  formed  in  ve- 


• J find  that  even  the  addition  of  as  much  alcohol  as  is  consistent  with 
the  gelatine  remaining  in  solution,  docs  not  preserve  it  in  a proper  state 
for  use. 

f Isinglass  is  glue  or  gelatine  nearly  pure,  as  has  been  shown  by  Mr 
Hatchett. 

t PHI.  Trans.  i3o3,  p.  235.  and  250. 

$ Proust,  Ann.  dt  Ctim,  xxsv.  35 
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getables  by  the  action  of  heat.  Thus  no  tan  can  be  de- 
tected in  the  decoction  of  coffee-beans  unless  they  have 
been  roasted;  but  in  that  case  their  decoction  precipi- 
tates gelatine  *. 

15.  From  the  experiments  of  Mr  Davy,  we  learn 
that  the  affinities  of  the  different  classes  of  bodies  ca- 
pable of  combining  with  tan  are  nearly  in  the  follow- 
ing order. 


Earths, 

Alkalies, 

Gelatine, 

Acids, 

Neutral  salts. 

But  the  order  of  the  individual  substances  belonging  to 
each  of  these  classes  remains  still  to  be  ascertained  f. 

16.  Mr  Proust  has  announced  it  as  his  opinion,  that 
there  exist  various  species  of  tan  in  the  vegetable  king- 
dom differing  from  each  other,  like  the  oils,  ethers,  &c. 
He  has  even  enumerated  several  of  these  varieties,  and 
pointed  out  their  characteristics  §. 

It  is  by  no  means  unlikely  that  this  opinion  is  well 
founded : But  it  is  impossible  to  admit  it  as  demonstra- 
ted till  a process  be  discovered  for  separating  tan  from 
other  substances,  and  obtaining  it  m a state  of  purity  ; 
for  the  differences  between  the  varieties  of  tan  pointed 
out  by  Proust  may  be  owing  to  the  presence  of  foreign 
substances  which  disguise  its  properties.  At  any  rate, 
this  subject  will  come  under  our  consideration  more 
properly  in  the  second  Part  of  this  Work,  when  we 
enumerate  the  different  vegetable  substances  that  con- 
tain tan. 


) 


^ Chencvix,  Phil.  Mag.  1802,  p.  35O. 
t PbiL  Tran/.  1803,  p.  369.  f Ann.  de  Cbim.  xlii.  94* 
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REMARKS  ON  THE  PRIMARY  COMPOUNDS, 


SycH  are  the  properties  of  the  Primary  Compounds: 
a class  of  bodies  which  have  been  the  longest  known, 
which  have  been  most  accurately  studied,  and  which 
constitute,  without  doubt,  the  most  important  instru- 
ments in  chemistry.  Their  number,  omitting  the  oils, 
amounts  to  57. 

Of  these  there  are  1 2 whose  component  parts  are  still 
unknown,  and  which  therefore  have  been  put  among 
the  compounds  only  from  analogy.  These  are,  the 
fixed  alkalies,  the  earths,  and  fluoric  acid : Perhaps  we 
ought  to  add  boracic  acid  ; for  Crell’s  analysis  of  it  is 
far  from  satisfactory.  The  remaining  44  bodies  are 
known  to  be  compounds.  They  may  be  again  divided 
into  two  classes  ; namely,  bodies  destitute  of  oxygen, 
and  bodies  containing  it. 

The  first  class  comprehends  under  it  only  two  sub- 
stances, ammonia  and  prussic  acid  ; two  bodies  which 
resemble  each  other  in  many  of  their  properties.  The 
first  of  them  is  composed  of  azote  and  hydrogen ; the 
3econd  of  azote , hydrogen,  and  carbon. 

The  second  class  contains  42  bodies,  which  natural- 
ly subdivide  themselves  into  three  distinct  sets,  each 
of  which  possesses  analogous  properties.  These  are 

B.4 
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Division  I,  /v5  ; crsf  products,  and  combustibles.  The  supporters 
o combustion  are  all  of  them  composed  of  two  ingre- 
lents ; one  of  which  is  always  oxygen,  and  the  other 
either  azote,  muriatic  acid,  or  a metal.  They  are  xo 
10  cumber ; namely, 

I-  Nitrous  oxide,  nitric  oxide,  nitric  acid. 

2.  Uxymuriatic  acid,  hyperoxymuriatic  acid. 

3.  Arsenic,  tungstic,  molybdic,  chromic,  columbic 
acids. 

The  products  are  likewise  composed  of  two  ingre- 
ients  ; one  of  which  is  always  oxygen,  and  the  other 
some  one  of  the  four  simple  combustibles.  They  are 
W pro.  only  four  in  number  ; namely, 

1.  Sulphuric  acid, 

2.  Phosphoric  acid, 

3.  Carbonic  acid, 

4-  Water. 

SK?  B"‘  ""ir  "“mber  >*=  added  sulphurous  and 
p osphorous  acids,  which  are  composed  of  a product 
combined  with  a portion  of  its  own  combustible  base. 
wlT'  u The  raining  26  bodies,  namely,  the  oxides  of  car- 
ides.  on,  the  combustible  acids,  the  compound  combusti- 

bles, are  combustible.  It  is  remarkable  that  all  these 
substances  contain  three  ingredients,  except  the  oxides 
of  carbon.  1 hese  three  ingredients  are  carbon,  hydro- 
gen, and  oxygen.  In  some  of  these  bodies,  as  acetic 
acid,  azote  seems  also  to  be  present.  The  oxides  of 
carbon  are  the  only  binary  compounds  at  present  knowm 
oiKaming  oxygen  and  capable  of  undergoing  com- 
m 1 s^Ion  > f01  I do  not  consider  the  supposed  oxides 
sulphui  and  phosphorus  as  sufficiently  examined  to 
warrant  the  conclusions  of  the  French  chemists  concern- 
ing theii  nature.  Analogy  therefore  is  in  favour  of  the 


These 


are. 


Ten  sup- 
porters, 
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opinion  of  Berthollet  •,  who  affirms  that  the  supposed  Chap, 
oxides  of  carbon  contain  hydrogen.  This  ought  to 
make  us  very  rigid  in  our  proofs  before  we  allow  that 
hydrogen  does  not  exist  in  these  compounds. 

Though  the  five  classes  into  which  primary  com- 
pounds have  been  divided  in  the  preceding  Chapters 
have  been  long  known,  and  have  always  engaged  the 
attention  of  chemical  philosophers,  the  number  of  indi- 
viduals which  belong  to  these  classes  has  been  very 
much  increased.  About  the  commencement  of  the  18th 
century  only  the  three  alkalies,  four  of  the  earths,  two 
of  the  oxides,  five  acids,  and  the  compound  combustibles, 
were  known,  and  these  but  imperfectly.  Five  earths, 

3 oxides,  and  28  acids,  have  been  added  to  the  list  of 
primary  compounds  by  the  labours  of  the  philosophers 
of  the  18th  century.  Nor  ought  wTe  to  forget  that  of 
these  36  new  bodies  no  less  than  14  were  discovered 
by  the  sagacity  of  the  indefatigable  Scheele. 
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Many  of  the  Primary  Compounds,  as  we  have  seen 
in  the  preceding  Chapters,  are  susceptible  of  forming 
combinations  with  each  other.  Thus  acids  combine 
with  alkalies,  with  earths,  and  with  metallic  oxides,  and 
form  compounds  called  salts  ; the  earths  combine  with 
the  fixed  alkalies,  and  form  glass  ; oils  combine  -with 
alkalies,  and  form  soaps.  These,  to  which  I have  given 
the  name  of  Secondary  Compounds,  come  now  under 
our  consideration. 

The  secondary  compounds,  as  far  as  we  are  at  pre- 
sent acquainted  with  them,  may  be  arranged  under  the 
five  following  Classes. 

1.  Combinations  of  earths  with  each  other,  and  with 

metallic  oxides. 

2.  Combinations  of  earths  with  alkalies. 

3.  Combinations  of  acids  with  alkalies,  earths,  and 

metallic  oxides. 

4.  Combinations  of  sulphureted  hydrogen  with  alka- 

lies, earths,  and  metallic  oxides. 

tj.  Combinations  of  oils  with  alkalies,  earths,  and 

metallic  oxides. 
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These  compounds  shall  be  the  subject  of  the  five  suc- 
ceeding Chapters,  under  the  following  titles.  , 
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1.  Combinations  of  earths. 

2.  Glass. 

3.  Salts. 

4.  Hydrosulphurets. 
j.  Soaps, 
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CHAP.  I. 

OF  COMBINATIONS  OF  EARTHS. 

Imperfectly 

known. 

Several  of  the  earths  are  capable  of  entering  into  com*, 
bination  with  each  other  and  with  metallic  oxides,  and 
of  forming  compounds  distinguished  by  various  names 
according  to  their  external  appearance.  Some  of  these 
combinations  are  formed  into  vessels  known  by  the- 
names  of  stoneware , porcelain,  enamel , &.c.  many  of: 
which  are  of  great  importance  in  manufactures  and  do- 
mestic economy. 

This  class  of  bodies  is  of  the  highest  importance  f, 
but  it  has  not  hitherto  been  examined  by  chemists  with 
that  degree  of  attention  to  which  it  is  entitled.  A few 
only  of  the  compounds  into  which  the  earths  and  the 
metallic  oxides  are  capable  of  entering  have  been  form- 
ed, and  still  fewer  of  these  have  been  described  with, 
precision.  The  subject  indeed  is  difficult,  and  till  late- 
ly wTas  not  susceptible  of  accuracy,  because  the  proper- 
ties of  the  earths,  and  the  methods  of  obtaining  them 

\ 

pure,  were  unknown.  It  is  true,  indeed,  that  the  great- 
er number  of  these  compounds  exist  ready  formed  in: 
the  mineral  kingdom,  constituting  the  solid  basis  of  this 
globe  of  ours.  But  notwithstanding  the  rapid  progress 
which  the  analysis  of  minerals  has  lately  made,  it  i: 
Still  very  uncertain  whether  it  would  be  safe  to  trus 

COMBINATIONS  OF  EARTHS.  Z<3$ 

altogether  the  result  of  these  analyses;  especially  as  we  ChaM* 
are  not  able  to  form  artificially  compounds  similar  to 
those  which  exist  ready  formed  in  the  earth. 

It  will  be  better,  therefore,  to  refer  the  consideration 
of  these  numerous  native  compounds  to  the  second  part 
of  this  W ork,  and  to  satisfy  ourselves  at  present  with  a 
general  view  of  the  compounds  which  the  earths  are 
capable  of  forming,  a description  of  those  mixtures 
which  are  employed  in  the  manufacture  of  stoneware 
and  porcelain,  and  an  account  of  those  combinations  of 
earths  and  metallic  oxides  which  form  the  different 
enamels  with  which  these  substances  are  covered.  These 
topics  will  form  the  subject  of  the  two  following  Sec- 
tions. 


SECT.  I. 

OF  EARTHY  COMBINATIONS  IN  GENERAL. 

i 

That  several  of  the  earths  have  a strong  affinity  for 
each  other,  and  are  therefore  capable  of  forming  combi- 
nations, is  a fact  now  well  known  to  the  chemical  world. 

But  it  is  by  no  means  an  easy  matter  to  form  these  Djflradj- 
combinations  artificially.  If  the  earths  be  mixed  to-  oi  combi- 
gether  in  the  state  of  a powder,  they  do  not  combine  in-  Ca 
timately  ; and  as  few  of  them  are  soluble  in  water,  re- 
course cannot  be  had,  except  in  a very  few  cases,  to  the 
intervention  of  that  liquid.  Chemists,  therefore,  when 
they  wish  to  combine  the  earths  together,  have  scarce- 
ly any  other  agent  to  employ  except  fire.  This  agent 
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answers  exceedingly  well  in  combining  the  metals  witli 
each  other,  and  converting  them  into  alloys  : But  with 
respect  to  the  earths  the  case  is  very  different ; for  no 
fire  which  can  be  produced  is  sufficiently  violent  to  melt 
a considerable  quantity  of  any  of  the  earths,  barytes 
and  strontian  excepted. 

It  is  true  indeed  that  silica,  and  perhaps  all  the  other 
earths,  may  be  melted  by  a process  invented  by  Saus- 
sure.  He  cements  a very  minute  particle  of  quartz,  or 
any  other  substance  whose  fusibility  is  to  be  tried,  to 
a slender  fibre  of  cy unite* , and  exposes  it  in  that  state 
to  the  action  of  the  blow-pipe.  He  supposes  the  inten- 
sity of  the  heat  inversely  proportional  to  the  diameter 
of  the  globule  produced.  Any  heat  therefore  whatever 
may  be  communicated  by  means  of  the  blow-pipe,  by 
diminishing  sufficiently  the  bulk  of  the  particle  subject- 
ed to  its  action.  The  limit  of  intensity  is  when  the 
particle  cannot  be  farther  diminished  without  render- 
ing the  globule  produced  too  small  to  be  seen  distincly 
by  a microscope,  and  to  be  measured  by  means  of  a mi- 
crometer.  Sausgure  found  that  the  heat  necessary  to 
melt  quartz  is  equal  to  4043 0 Wedgewood  ; that  which 
melts  alumina  is  18900°  Wedgewood  f. 

The  temperature,  then,  at  which  the  earths  melt  is 
inconceivably  high : but  the  quantity  of  these  bodies 
which  can  be  in  this  manner  subjected  to  experiment, 
is  by  far  too  minute  to  draw  much  satisfactory  infor- 
mation from  it  respecting  the  nature  of  the  compounds 
which  the  earths  are  capable  of  forming  with  each  other* 


* This  is  a blue  coloured  transparent  stone,  to  be  afterwards  described. 
| Jour,  de  Phyi.  xlv.  3. 
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Luckily  it  is  in  many  cases  not  necessary  to  have  re- 
course to  it.  It  is  well  known  that  several  of  the  me- 
tals, which  require  a very  high  temperature  to  bring 
them  to  fusion,  melt  readily  when  mixed  with  a por- 
tion of  some  other  metal.  Thus  platinum,  the  most 
infusible  of  them  all,  melts  readily  when  combined  with 
arsenic.  The  same  thing  happens  with  several  of  the 
earths,  as  Kunkel  first  discovered  ; alumina,  for  in- 
stance, though  perhaps  the  most  refractory  of  them 
all,  enters  very  speedily  into  fusion  when  mixed  with 
a proper  proportion  of  silica  and  lime.  Chemists  have 
taken  advantage  of  this  property.  They  have  mixed 
the  earths  together  in  various  proportions,  and  then 
subjected  them  to  heat.  The  affinity  between  them 
was  judged  of  by  the  degree  of  fusion  which  they  under- 
went. Mr  Pott  was  one  of  the  first  chemists  who  laid 
open  this  method  of  proceeding.  His  Litbogeognosia, 
which  was  published  in  1746,  must  have  been  the  re- 
sult of  immense  labour.  It  may  be  considered  as  the 
harbinger  of  all  the  mineralogical  discoveries  which  fol- 
lowed. Achard*  of  Berlin  published,  in  1780,  a long 
list  of  experiments,  in  which  he  exposed  various  mix- 
tures of  earth  to  the  heat  of  a porcelain  furnace.  This 
was  the  first  direct  set  of  experiments  on  the  combina- 
tions of  earths ; for  Pott,  and  Macquer  and  Darcet  who 
followed  him,  had  confined  themselves  to  native  combi- 
nations. Mr  Kirwan,  in  1794,  published  a still  more 
accurate  set  of  experiments  f?  on  the  same  subject. 
Since  that  time  the  combination  of  the  earths  has  occu- 
pied the  attention  of  Morveau  % ; not  to  mention  the 


* Men.  Berlin , 1780,  p,  69.  f Mineralogy , i.  49. 

,t  Jour,  it  I'Ecole  Palyteebn.  I.  iii.  398.  and  Ann,  it  dim.  xxxi,  246. 
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interesting  experimehts  of  Klaproth*  and  Saussuref, 
and  the  ingenious  speculations  of  Saussure  and  Dolo- 
mieuj.  But  the  most  important  experiments  on  this 
subject  are  those  of  DarracqJ  and  Chenevix||;  because 
they  have  been  made  with  substances  in  a state  of  pu- 
rity, and  with  the  proper  precautions,  to  prevent  erro- 
neous results.  From  the  experiments  of  these  philoso- 
phers, and  from  the  accurate  mineralogical  analyses  of 
Klaproth  and  Vauquelin,  the  following  consequences 
may  be  drawn. 

1 . There  is  an  affinity  between  most  of  the  different 
earths : But  this  affinity  varies  considerably  in  intensi- 
ty. Certain  earths  combine  readily  with  each  other  in 
almost  every  situation,  while  others  cannot  be  combi- 
ned without  difficulty.  There  are  some  combinations 
of  earths  which  are  found  native  and  abundant;  others^ 
on  the  contrary,  seldom  or  never  occur. 

2.  Certain  earths  when  mixed  together  become  very 
fusible,  while  other  mixtures  are  as  refiactory  as  the 
simple  earths  themselves.  The  affinity  between  the 
earths  must  not  be  judged  of  by  this  increase  of  fusibi- 
lity ; for  several  earths  which- have  a strong  affinity  for 
each  other  do  not  form  fusible  mixtures  at  all.  In  ge- 
neral, mixtures  of  earths  are  fusible  only  when  mixed  in 
certain  determinate  proportions. 

3.  The  three  alkaline  earths  resemble  one  another  in 
their  disposition  to  unite  with  the  other  earths.  Like 
the  alkalies,  they  combine  with  alumina  and  silicay 
but  show  no  affinity  for  magnesia  nor  for  each  other. 


* Klaproth’s  Btitragr,  i.  I. 
t Jour,  dtr  Fbys.  passim. 

| FLU.  Trans.  1802. 


f Jour,  de  Pbys.  ilv.  3. 
$ Ann.  dr  Cbhn.  xL  J2. 
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Their  action  on  the  new  earths  has  not  been  exami- 
ned. 

When  barytes  and  alumina  are  boiled  together  in  a 
sufficient  quantity  of  water,  they  combine,  and  form 
two  compounds  ; one  of  which,  containing  an  excess  of 
barytes,  remains  in  solution  ; the  other,  containing  an 
excess  of  alumina,  is  in  the  state  of  au  insoluble  pow- 
der. When  barytes  and  silica  are  fused  together  in  a 
platinum  crucible,  they  combine,  and  form  a friable 
blistered  mass,  of  an  apple  green  colour*  which  is  so.i 
luble  in  all  the  acids,  but  imperfectly  soluble  in  water. 
If  this  compound  be  boiled  ixi  water*  it  separates  into 
two  portions  ; one,  containing  an  excess  of  barytes,  dis- 
solves, but  the  presence  of  the  silica  prevents  the  bary- 
tes from  crystallizing ; the  other  remains  in  the  state 
of  an  insoluble  powder.  Barytes,  purified  in  the  usual 
way,  always  contains  a portion  of  silica,  which  it  pro- 
bably takes  from  the  crucible  in  Which  it  is  prepared  *, 
So  great  is  the  affinity  of  barytes  for  silica,  that  it  se- 
parates silica  from  potass  f.  The  affinity  between  alu- 
mina and  barytes  is  not  strong  enough  to  separate  these 
two  earths  when  the  solutions  of  them  in  the  same  acid 
are  mixed  together.  Muriats  of  barytes  and  alumina* 
for  instance,  when  mixed  together,  afford  no  precipitate^ 
provided  the  salts  be  pure 

Barytes  is  usually  foUnd  native  combined  with  acids  j 
but  it  occurs  sometimes  united  to  silica  ; and  the  stau- 
rolite,  which  is  a transparent  crystallized  stone,  is  a 
compound  of  silica,  alumina,  and  barytes. 


I.  Barytes. 

/ 


i 


* Vauquelin,  Ann.  de  Cbim.  xxix.  273.  f Morveau,  Ibid.  xxxi.  248. 
t Darracq,  Ibid.  xl.  57. — Chcucvix  on  Corundum , p.  ij.—PHI.  Tram. 
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4.  Strontian  resembles  barytes  exactly  in  its  affinities 
for  the  earths.  It  unites  precisely  in  the  same  way 
with  alumina  and  silica,  and  precipitates  silica  from 
potass.  It  shows  no  tendency  to  unite  with  magnesia; 
nor  is  its  affinity  for  alumina  strong  enough  to  occasion 
a precipitate  when  the  muriats  of  strontian  and  alumi- 
na are  mixed  together.  It  shows  no  tendency  to  unite 
with  barytes. 

Strontian  always  occurs  native  combined  with  acids  ; 
at  least  it  has  never  yet  been  found  united  to  earths. 

5.  Like  the  other  alkaline  earths,  lime  has  a strong 
affinity  for  alumina  and  silica.  Scheele  first  observed, 
that  when  alumina  is  mixed  with  lime-water,  it  com- 
bines  with  the  lime,  and  leaves  the  water  in  a state  of 
purity  #.  The  compound  thus  formed  is  insoluble  in 
water.  Chenevix  has  observed,  that  this  affinity  be- 
tween lime  and  alumina  facilitates  the  solution  of  lime 
in  a fixed  alkali.  When  a solution  of  potass  is  boiled 
upon  pure  lime,  no  more  of  it.  is  dissolved  than  would 
have  been  taken  up  by  the  water  alone,  which  holds 
the  potass  in  solution.  But  when  potass  is  boiled  in  a 
mixture  of  lime  and  alumina,  this  last  earth  is  dissol- 
ved, together  with  a much  greater  proportion  of  the 
lime  than  can  be  ascribed  to  the  action  of  the  water 
alone  +.  The  affinity,  however,  of  these  two  earths  for 
each  other  is  not  strong  enough  to  occasion  a precipi- 
tate when  their  solutions  in  the  same  acid  are  mixed  to- 
gether. Thus  no  precipitate  falls  when  muriats  of  lime 
and  alumina  are  mixed 


* Scheele,  i 196.  f Phil.  Tram.  1802,  p.  345. 

| Darracq,  Ann.  de  Chim.  xl.  58.  and  Chenevix,  Ibid. 


combinations  of  earths. 

Gadolln  first  remarked  that  lime-water  forms  a pre-  , ChaP- h , 
cipitate  with  a solution  of  silica  in  potass  ; and  Mor- 
Veau  ascertained  that  this  precipitate  is  a compound  of 
the  two  earths.  This  has  been  confirmed  by  the  expe- 
riments of  Darracq  and  Chenevix. 

Lime  indicates  no  tendency  to  combine  with  the 
other  alkaline  earths  nor  with  magnesia.  Like  the  other 
alkaline  earths,  it  occurs  most  frequently  native  com- 
bined with  acids  ; but  it  constitutes  likewise,  not  un- 
frequently,  a Constituent  part  of  stones*  and  in  that  case 
it  is  combined  with  other  earths.  If  we  except  the 
tremolite , which  is  a compound  of  silica  and  lime,  or 
perhaps  rather  carbonat  of  lime,  and  which  sometimes 
contains  soda,  all  the  earthy  compounds  containing  lime 
consist  of  three  ingredients,  namely,  silica,  alumina,  and 
lime.  The  different  varieties  of  zeolites  afford  examples 
of  this  compound. 

6.  Magnesia  has  a very  marked  affinity  for  alumina;  4.  Magne- 
but  it  shows  no  tendency  to  unite  with  any  of  the  other  SW 
earths.  This  affinity  was  first  pointed  out  by  Mr  Che- 
nevix in  his  analysis  of  magnesian  stones*.  When 
magnesia  is  held  in  solution  by  acids,  it  is  only  precipi- 
tated partially  by  ammonia  ; and  if  there  be  an  excess 
of  acid  present,  it  is  not  precipitated  at  all ; because 
ammonia  and  magnesia  form  triple  salts  with  acids, 
which  are  soluble  : But  if  a sufficient  quantity  of  alu- 
mina be  present  in  the  magnesian  solution,  the  whole 
of  the  magnesia  is  thrown  down  in  combination  with 
the  alumina.  In  the  same  manner,  when  an  alka- 
line carbonat  is  poured  into  a solution  of  magnesia,  no 


* Ann.  it  CLim.  xxTiii.  189 
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precipitate  is  formed,  because  the  carbonic  acid  evolved 
is  sufficient  to  hold  the  whole  of  it  in  solution ; but  if 
alumina  be  present,  the  alkaline  carbonat  throws  down 
both  of  the  earths  in  combination.  When  potass  is  boil- 
ed upon  this  compound  of  magnesia  and  alumina,  only 
a very  small  proportion  of  the  alumina  is  dissolved  j 
the  greater  part  being  retained  by  its  affinity  for  the 
magnesia.  By  dissolving  the  residuum  in  muriatic  acid, 
and  precipitating  by  carbonat  of  potass,  a portion  of  the 
magnesia  is  retained  in  solution.  Potass  boiled  on  the 
residue  dissolves  a new  dose  of  alumina.  By  repeating 
these  processes  alternately,  the  two  earths  may  be  se- 
parated from  each  other*.  Thus  we  see  that  the  ac- 
tion of  magnesia  on  alumina  is  the  reverse  of  the  action 
of  alumina  on  lime  j the  last  promotes  the  solution  of 
the  lime,  whereas  the  first  prevents  the  solution  of  the 
alumina. 

Magnesia,  when  mixed  with  silica,  forms  a fusible 
compound ; but  the  mixture  of  this  earth  with  barytes, 
with  strontian,  with  lime,  or  with  alumina,  is  not  fu- 
sible in  the  heats  of  our  furnaces. 

Magnesia  is  frequently  found  native  combined  with 
the  other  earths.  These  native  combinations  consist 
sometimes  of  two  earths,  sometimes  of  three,  and  in  ge- 
neral some  metallic  oxide  is  also  present.  They  may 
be  comprehended  under  three  classes  : 

1.  Alumina  and  magnesia, 

2.  Silica  and  magnesia, 

3.  Silica,  alumina,  and  magnesia. 

To  the  first  of  these  classes  belongs  the  ruby;  to  the 


• Chenevix  on  Corundum,  p.  1 ?• 
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second,  steatites  and  kiffekillei  to  the  third,  the  cyanite 
or  sappare  of  Saussure.  A soapy  feel,  and  a certain 
degree  of  softness  and  opacity,  has  been  considered  as  a 
characteristic  of  the  earthy  combinations  •which  contain 
magnesia  ; but  the  ruby  and  cyanite  are  both  of  them 
transparent  and  hard.  It  is  worthy  of  attention,  that 
magnesia  enters  into  fewer  fusible  compounds  than  any 
of  the  alkaline  earths. 

7.  Alumina,  as  has  been  already  remarked,  has  an  affi- 
nity for  the  alkaline  earths  and  magnesia.  It  has  also 
an  affinity  for  silica.  When  silicated  and  aluminated 
potass  are  mixed  together,  the  mixture  in  about  an  hour 
becomes  opaque  and  gelatinous,  evidently  in  conse- 
quence of  the  combination  of  the  two  earths  *.  When 
this  precipitate  is  dried  and  analysed,  it  yields  both  si- 
lica and  alumina.  The  presence  of  alumina,  as  Mr  Che- 
nevix  has  remarked,  facilitates  the  solution  of  silica  in 
potass.  When  a mineral  containing  both  silica  and  alu- 
mina is  fused  in  the  usual  way,  with  a sufficient  quan- 
tity of  potass,  and  then  dissolved  in  muriatic  acid,  a 
number  of  white  flakes  frequently  remain  which  the 
acid  is  incapable  of  dissolving.  These  white  flakes  are 
pure  siliceous  earths.  Their  quantity  is  greatest  when 
•the  proportion  of  the  silica  over  the  alumina  is  great- 
est. When  the  proportion  of  alumina  is  consider- 
able, the  insoluble  residue  is  less,  and  in  some  cases 
it  disappears  altogether  f. 

Alumina  enters  into  fusion  with  none  of  the  other 
earths  except  lime,  and  not  even  with  the  fixed  alkalies. 
In  this  respect  it  differs  exceedingly  from  silica;  which, 


♦ Morveau,  Anr.  j 4c  dim.  xxxi.  24$. 
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from  the  numerous  fusible  compounds  that  it  is  ca„ 
pable  of  forming,  was  formerly  called  the  vitrifiable 
earth . But  alumina  enters  into  several  triple  earthy 
mixtures  which  are  fusible.  Thus  mixtures  of  alumina 
and  silica  with  any  of  the  alkaline  earths,  and  with  mag- 
nesia, are  fusible. 

Alumina  is  found  native  in  great  abundance,  and  al- 
most always  combined  with  other  earths  or  with  me- 
tallic oxides,  for  which  it  has  a very  strong  affinity. 
The  native  earthy  combinations,  of  which  it  constitutes 
an  ingredient,  may  be  divided  into  six  classes.  These 
are, 

1.  Alumina  and  magnesia, 

2.  Alumina  and  silica, 

3.  Alumina,  silica,  and  barytes, 

4.  Alumina,  silica,  and  lime, 

5.  Alumina,  silica,  and  magnesia, 

6.  Alumina,  silica,  and  glucina. 

To  the  first  of  these  classes  belongs  the  ruby  ; to  the 
pecond,  mica,  talc,  chalcedony,  the  topaz,  &c. ; to  the 
third,  staurolite  ; to  the  fourth,  -zeolites  ; to  the  fifth, 
cyamte  ; and  to  the  sixth,  the  emerald.  These  minerals 
will  be  described  hereafter.  All  the  compounds  into 
which  a considerable  portion  of  alurffina  enters  are  pret- 
ty heavy,  and  several  of  them  are  exceedingly  hard. 

8.  Silica,  as  we  have  seen,  has  an  affinity  for  the  aW 
kaline  earths  and  alumina.  It  has  likewise  an  affinity  * 
for  zirconia.  When  a mixture  of  this  last  earth  and 
silica  is  heated  strongly,  it  shews  a tendency  to  fusion*. 
|t  fuses,  as  we  haye  seen  already,  with  barytes,  stron- 


* Mgrveau,  Ann.  da  dim.  jcxxi.  259. 
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nan,  lime,  and  magnesia;  so  that  alumina  is  the  only  , chaP-  L _ 
earth  hitherto  tried  with  which  it  does  not  enter  into 
fusion. 

Silica  is  found  native  more  abundantly  than  any  of 
the  other  earths.  It  also  enters  into  a greater  variety 
of  combinations,  but  almost  alw'ays  with  earthy  bodies. 

The  combinations  of  which  it  is  known  to  constitute  a 
part  may  be  reduced  under  eight  classes  ; namely, 

1.  Silica  and  alumina, 

2.  Silica  and  lime, 

3.  Silica  and  magnesia, 

4.  Silica  and  zirconia, 

3.  Silica,  alumina,  and  lime, 

C.  Silica,  alumina,  and  magnesia, 

7.  Silica,  alumina,  and  glucina, 

8.  Silica,  alumina,  and  barytes. 

All  of  these  classes  have  been  mentioned  already,  and 
instances  given  of  minerals  belonging  to  each  except 
the  fourth,  to  which  belong  only  the  zircon  and  the 
hyacinth. 

The  most  beautiful  earthy  combinations  are  those 
. which  consist  chiefly  of  silica  and  alumina.  To  that 
class  belong  almost  all  the  gems.  The  combinations  of 
these  two  earths  are  also  the  most  useful;  for  they  con- 
stitutc  the  basis  of  porcelain,  stoneware,  glass  pots,  and 
all  the  different  earthen  utensils. 

9.  Several  of  the  earths  are  capable  of  combining  Combina- 
likew’ise  with  metallic  oxides,  and  of  forming  com-  taUlcox™' 
pounds  ; the  nature  of  which  has  scarcely  been  exami-  ides  and 
ned  by  chemists.  All  the  oxides  which  fuse  readily 
into  a glass  are  capable,  in  that  state,  of  combining 
with  earths  by  the  assistance  of  heat,  and  of  forming 
opaque  compounds,  known  by  the  name  of  enamels 
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some  of  which  will  come  under  our  consideration  at» 
terwards. 

Hitherto  only  six  metals  in  the  state  of  oxides  have 
been  found  native  combined  with  earths.  These  are, 

1.  Chromium,  4.  Zinc, 

2.  Nickel,  5.  Manganese, 

3.  Copper,  6.  Iron. 

Chromium  constitutes  very  frequently  the  colouring 

matter  of  the  ruby,  in  which  it  is  combined  with  alu- 
mina and  magnesia  j but  this  metal  does  not  appear  to 
have  any  remarkable  tendency  to  combine  with  earths 
except  when  it  is  in  the  state  of  an  acid. 

Nickel  has  been  detected  by  Klaproth  in  the  chryso- 
prase,  and  in  the  green  matter  called  pimelite  which 
sometimes  accompanies  it ; but  whether  the  combina- 
tion is  chemical,  or  merely  a mixture,  has  not  been  as- 
certained. 

The  oxide  of  copper  shows  no  peculiar  tendency  to 
unite  with  earths,  and  hitherto  it  has  been  detected  in 
one  earthy  compound  only  ; namely,  the  smaragdite,  a 
mineral  which  contains  1.5  per  cent,  of  oxide  of  copper. 
But  whether  this  oxide  be  chemically  combined  or 
merely  mixed  with  the  other  ingredients  is  not  knowm. 

.The  oxide  qf  zinc  has  been  found  native  combined 
with  silica  in  different  varieties  of  calamine.  That 
these  bodies  are  chemically  combined  has  been  demon- 
strated by  MrjSmithson  in  his  valuable  paper  on  cala- 
mines lately  published*. 

But  it  is  in  the  oxides  of  manganese  and  iron,  espe- 
cially the  latter,  that  the  affinity  between  the  earths  and 


* F /lit,  Trans.  1 803. 
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metallic  oxides  is  most  conspicuous.  The  oxide  of  Chap,  r.  ^ 
manganese  occurs  native  combined  with  barytes ; and 
it  is  usually  a constituent  of  the  black  and  dark  red  co- 
loured stones,  as  j -horl,  gurnet , See.  But  when  combi- 
ned with  earths,  if  we  except  barytes,  it  forms,  in  all 
cases  hitherto  observed,  a very  small  proportion  of  the 
compound. 

The  oxide  of  iron  is  one  of  the  most  common  cansti-  6.  Iron, 
tuents  of  minerals.  It  is  found  in  a state  of  combina- 
tion with  almost  every  earth.  To  it  indeed,  in  most 
cases,  is  the  colour  of  minerals  to  be  ascribed.  No 
less  than  seven  distinct  colours,  besides  a great  variety 
of  shades,  are  observed  in  minerals  containing  iron  ; 
and  to  the  iron  in  most  cases  is  the  colour  to  be  ascri- 
bed. These  colours  are, 


1.  White  ....  The  sommite,  & c. 

2.  Black Obsidian 

3.  Green  ....  Euclase,  thallite 

4-  Blue Lazulite,  native  prussian  blue 

5.  Red Garnet,  ruby 


6.  Yellow  ....  Topaz 

7.  Brown  ....  Tourmaline 

From  the  experiments  of  Kirwan *,  we  learn  that 
iron  forms  a fusible  mass  when  mixed  with  barytes, 
lime,  alumina,  and  silica,  when  it  exceeds  the  propor- 
tion of  earth  considerably.  With  magnesia  it  forms  an 
enamel,  but  scarcely  fuses  completely.  It  renders  a 
mixture  of  alumina  and  silica  fusible  at  a very  low  heat 
when  in  the  proper  proportion. 

ic.  During  the  fusion  of  several  mixtures  or  combi- 


* Mineralogy , i. 
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nations  cf  earths,  especially  those  which  are  found  na- 
tive, the  mixture  very  often  frothes  considerably,  and 
emits  a great  number  of  air  bubbles.  The  emission  of 
these  air  bubbles  can  only  be  referred  to  one  or  other  of 
three  causes.  Either  a quantity  of  water  leaves  the 
mixture  in  the  form  of  steam,  or  the  metallic  oxides, 
which  are  almost  always  present,  are  reduced,  and  al- 
low their  oxygen  to  escape  in  the  form  of  gas  ; or, 
lastly,  the  earths  themselves  undergo  some  change,  and 
let  go  some  one  or  other  of  their  component  parts  in 
the  form  of  gas.  It  is  probable  that  the  phenomenon  is 
partly  owing  to  all  these  causes  ; for  these  earthy  mix- 
tures are  much  lighter  after  having  been  exposed  to  the 
action  of  the  fire  than  they  were  before.  Thus  a mix- 
ture of  equal  parts  of  silica  and  magnesia,  after  being 
heated  to  1340  Wedgewood,  lost  0.135  of  its  weight; 
and  a mixture  of  equal  parts  of  alumina  and  barytes 
lost  in  the  same  situation  c.275  of  its  wreight*.  Now 
so  great  a loss  as  this  cannot  be  ascribed  to  any  other 
cause  than  the  evaporation  of  water. 

Again,  several  minerals  which  are  coloured  by  a;  me- 
tallic oxide  become  transparent  when  exposed  to  a very 
violent  heat ; a change  which  must  be  occasioned  by 
the  revival  or  dissipation  of  the  metal.  This  is  the 
case,  for  instance,  with  the  brown  obsidian  lava  of  Do- 
lomieu,  with  the  lazulite,  and  with  schorlf.  Now  it 

t 

is  exceedingly  difficult  to  free  the  earth  completely  from 
all  metallic  bodies,  especially  alumina  ; the  earth  most 
remarkable  for  giving  the  property  of  frothing  to  earthy 
mixtures. 


* Morveau,  Jour.  d&P Kcole  Polytccbniquc , I.  iii.  30^- 
i Saussure,  Jour,  de  P/jyt.  xlv.  16. 
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Concerning  the  third  cause  of  the  frothing  of  mine- 
rals, namely,  the  decomposition  of  the  earths  them- 
selves, nothing  like  precision  can  be  expected  till  the 
component  parts  of  the  earths  be  discovered.  Humbolt 
announced  some  time  ago,  that  the  earths  have  the  pro- 
perty of  absorbing  oxygen  from  the  atmosphere.  In 
that  case  the  frothing  might,  in  some  instances  at  least, 
be  ascribed  to  the  emission  of  this  oxygen  on  the  appli- 
cation of  heat : But  the  experiments  of  Humbolt  have 
been  tried  without  success  by  Saussure,  Fabroni,  Cham- 
py,  Berthollet,  and  Delametherie*.'  I tried  the  experi- 
ment with  garden  mould,  which  I enclosed  in  a glass 
jar  over  water  immediately  after  it  had  been  turned  up 
by  a mole.  The  quantity  of  air  was  not  apparently 
changed  after  the  earth  had  remained  in  contact  with  it 
for  three  weeks f ; but  it  extinguished  a candle,  and 
precipitated  lime  abundantly  from  lime-water.  It  was 
composed  of  about  cne-third  part  of  carbonic  acid  gas  ; 
the  remainder  was  atmospheric  air. 

ii.  There  is  another  phenomenon  respecting  the  fu- 
sion of  earthy  combinations  which  has  not  been  hither- 
to explained.  Some  minerals,  w7hen  exposed  to  the  ac- 
tion of  heat,  melt  very  readily,  and  generally  with  a 
good  deal  of  frothing  ; but  if  the  heat  be  continued, 
they  soon  become  solid  again,  and  do  not  fuse  unless 
the  temperature  be  considerably  augmented.  This  is 
the  case  with  prehnite , thailite , and  some  felspars.  Thus 
the  prehnite  undergoes  its  first  fusion  at  210  Wedge- 
wood,  its  second  not  till  it  be  heated  to  81 0 It  can- 


* Saussure,  Jour,  dt  Phys.  lii.  Co. 

t It  had  probably  increased  considerably  ; for  the  carbonic  acid  must 
have  been  partly  absorbed  by  the  water, 
t Saussure,  Jour,  de  Pbyt.  xlv.  14. 
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not  "be  doubted  that  in  this  case  some  one  or  other  of 
the  ingredients'  which  contributed  to  the  first  fusion 
mi!st  be  driven  off ; especially  as  the  mineral  after  fu- 
sion loses  entirely  its  original  appearances  and  proper- 
ties. 

A change  no  less  curious  is  produced  on  the  appear- 
ance and  fusibility  of  some  minerals,  by  the  slowness  or 
rapidity  with  which  they  are  cooled  after  being  sub- 
jected to  fusion.  Whinstone,  for  instance,  is  a mineral 
which  fuses  when  raised  to  a temperature  between  40° 
and  550  Wedgewood.  If  it  be  allowed  after  fusion  to 
cool  rapidly,  it  is  converted  into  a dark-coloured  glass, 
much  more  fusible  than  the  original  whinstone  ; but  if 
it  be  made  to  cool  very  slowly,  it  assumes  an  appear- 
ance which  has  some  resemblance  to  the  original  whin- 
stone. In  this  state  it  is  much  less  fusible  than  the 
glass.  Sir  James  Hall,  the  discoverer  of  this  curious 
fact,  has  given  the  whin  in  this  last  state  the  name  of 
crystallite , a term  suggested  by  Dr  Hope.  Thus  the 
rock  on  which  Edinburgh  Castle  is  built  fuses  at  the 
temperature  of  45 0 Wedgewood.  By  rapid  cooling  it 
is  converted  into  a glass  which  melts  at  22 0 ; by  slow 
cooling  into  a crystallite  which  melts  at  350.  The  whin 
of  Salisbury  Craig  fuses  at  55°  ; its  glass  at  240  *,  its 
crystallite  at  38°  *. 

This  striking  difference  in  fusibility  seems  to  depend 
upon  the  way  in  which  the  component  parts  of  the  mi- 
neral are  combined.  When  cooled  rapidly,  these  com-  . 
ponent  parts  lv^ve  not  time  to  combine  according  tp 
their  affinities,  but  are  hudled  irregularly  together.  Of 


* Edin.  Trans,  y.  75. 
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course  the  force  of  the  affinities  of  those  component 
parts  which  have  a tendency  to  combine,  must  conspire 
with  the  action  of  the  fire  to  destroy  the  cohesion  of 
the  parts  ; the  consequence  of  which  must  be  fusion. 
Whereas  in  the  crystallite,  the  component  parts  having 
had  time  to  combine  according  to  their  affinities,  in- 
stead of  conspiring  with  the  divellent  action  of  the  fire, 
oppose  it  by  conspiring  or  coinciding  with  the  force  of 
cohesion.  In  the  first  case,  two  forces  conspire  to  pro- 
duce fusion  ; in  the  second,  only  one.  Something  si- 
milar to  this  may  perhaps  take  place  in  those  minerals 
which  undergo  a double  fusion,  the  first  in  a lower  heat 
than  the  second. 


Chap.  I, 


SECT.  11. 

OF  STONEWARE. 

Under  the  denomination  stoneware  I mean  to  com-  Definition, 
prehend  all  the  different  artificial  combinations  of  earthy 
bodies  which  are  applied  to  useful  purposes.  These 
vary  in  their  names  according  to  their  external  appear- 
ance, the  manner  in  which  they  are  manufactured,  and 
the  purposes  to  which  they  are  applied.  Thus  we  have 
porcelain,  stoneware,  pots,  crucibles,  bricks,  tyles,  &c. 

All  these  substances,  however,  are  formed  on  the  same 
principles,  nearly  of  the  same  materials,  and  owe  their 
^ood  qualities  to  the  same  causes. 

These  combinations  have  been  known  from  the  re-  History, 
riotest  ages  of  antiquity.  Bricks  were  employed  in 
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* suggested  by  the  great  degree  of  hardness  which  clay 

acquires  when  exposed  to  the  sun.  Stoneware  is  like- 
wise of  very  ancient  date,  and  seems  to  have  originated 
among  the  Asiatic  nations.  It  was  well  known  to  the 
Jews,  as  we  learn  from  the  Old  Tastement,  long  before 
the  Babylonish  captivity.  Porcelain,  or  the  finest  kind 
of  stoneware,  was  early  brought  to  perfection  in  China 
and  Japan.  But  the  discovery  of  the  art  of  making  it 
in  Europe  is  of  much  later  date. 

Specimens  of  it  were  brought  first  from  China  and  Ja- 
pan to  modern  Europe  *.  These  were  admired  for  their 
Deauty,  were  eagerly  sought  after,  and  soon  became  the 
ornaments  of  the  tables  of  the  rich.  Various  attempts 
were  made  to  imitate  them  in  different  countries  of  Eu- 
rope, but  the  greater  number  were  without  success. 
Accident  led  to  the  discovery  in  Germany  about  the  be- 
ginning of  the  iSth  century.  A chemist  in  Saxony, 
during  a set  of  experiments  in  order  to  ascertain  the 
beat  mixtures  for  making  crucibles,  stumbled  upon  a 


* Porcelain  vessels  were  known  to  the  Romans,  and  called  by  them 
-uasa  murrhina.  They  were  first  brought  to  Rome  by  Pompey  after  the 
defeat  of  Mithridates,  as  we  are  informed  by  Pliny  (lib.  xxxvii.  2).  The 
Romans  were  ignorant  of  the  mode  of  manufacturing  them,  but  imported 
them  from  Pontus  and  Parthia.  After  the  taking  of  Alexandria,  a vessel 
of  porcelain  was  the  only  part  of  the  spoil  retained  by  Augustus.  That 
the  vasa  murrhina  of  the  Romans  were  the  same  as  our  porcelain  ves- 
sels, has  been  ascertained,  as  Whitaker  inform  us,  by  the  porcelain  found 
in  the  ruins  of  the  ancient  Lyons.  The  name  porcelain , if  we  believe 
W hitalccr,  conies  from  the  French  name  of  the  plant  portulaca  oleracea  or 
punlain,  which  has  a purple-coloured  flower.  It  got  that  name  because 
the  porcelain  of  the  ancients  was  always  of  a purple  colour.  See  Whita<- 
ker'l  Court:  of  Hanibal  over  tie  jllps,  i.  SS- 
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compound  which  yielded  a porcelain  similar  to  the  east- 
ern. In  consequence  of  this  discovery  Saxony  soon 
produced  porcelain  scarcely  inferior  to  that  of  Japan  in 
beauty,  and  superior  to  it  in  solidity  and  strength : 
But  its  composition  was  kept  secret ; nor  were  there 
any  accurate  ideas  respecting  the  component  parts  of 
porcelain  among  men  of  science,  till  Reaumur  published 
his  dissertations  on  the  subject  in  1727  and  1729. 

That  celebrated  philosopher  examined  the  porcelain 
ef  Japan  and  the  different  imitations  of  it  which  had 
been  produced  in  France  and  other  parts  of  Europe. 
The  texture  of  the  first  was  compact  and  solid,  but  that 
of  the  imitations  was  potous.  When  both  were  expo- 
sed to  a strong  heat,  the  first  remained  unaltered,  but 
the  others  melted  into  glass.  From  these  experiments 
he  drew  the  following  ingenious  conclusions. 

Porcelain  owes  its  semitransparency  to  a kind  of  se- 
mivitrification  which  it  has  undergone.  Now  it 
may  receive  this  two  ways  : 1.  Its  component  parts  may 
be  such  as  easily  vitrify  when  sufficiently  heated  ; but 
the  degree  of  heat  given  may  be  just  sufficient  to  occa- 
sion a commencement  of  vitrification.  This  porcelain 
when  strongly  heated  will  easily  melt.  Such,  there- 
fore, was  the  composition  of  the  European  imitations 
of  porcelain.  2.  It  may  be  composed  of  two  ingre- 
dients ; one  of  which  easily  vitrifies,  but  the  other  is 
not  altered  by  heat.  When  a porcelain  composed  of 
such  materials  is  baked  in  a sufficient  heat,  the  fusible 
part  melts,  invelopes  the  infusible,  and  forms  a semi- 
transparent substance,  which  is  not  farther  altered  by 
the  same  degree  of  heat.  Such  therefore  must  be  the 
porcelain  of  Japan.  Father  Entrecolles,  a missionary  to 
China,  had  sent  an  account  of  the  Chinese  mode  of  ma- 
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king  porcelain,  which  coincided  exactly  which  this  in- 
genious  thought  of  Reaumur.  The  ingredients,  ac- 
cording to  him,  are  a hard  stone  called  petunse,  which 
they  grind  to  powder,  and  a white  earth  called  kaolin , 
which  is  intimately  mixed  with  it.  Reaumur  found 
the  petunse  fusible,  and  the  kaolin  infusible,  when  ex- 
posed separately  to  a violent  heat. 

These  notions  were  not  prosecuted  farther  by  Reau- 
mur; but  in  1758,  the  Count  de  Lauragais,  assisted  by 
Darcet  and  Le  Gay,  began  a set  of  experiments  which 
were  continued  for  four  years,  and  which  led  to  the 
discovery  of  a porcelain  possessed  of  the  same  qualities 
with  that  of  China,  and  inferior  only  in  whiteness. 
Macquer,  who  at  that  time  superintended  the  manufac- 
tory of  Sevres,  advised  the  French  government  to  pro- 
pose a reward  for  the  discovery  of  earthy  substances  ca- 
pable of  forming  a white  porcelain.  This  was  done  ; 
and  in  consequence  of  it,  Villaris,  an  apothecary  of  Bour- 
deaux,  announced  the  existence  of  a white  earth  near 
Saint-YriCx-la-Perche,  in  the  department  of  the  Haut. 
Vienne,  which  in  his  opinion  would  answer  the  purpose. 
It  was  tried  by  Macquer  with  the  expected  success.  A 
porcelain  manufactory  was  established  at  Sevres,  and 
at  present  there  are  no  fewer  than  30  in  France  *. 

Stoneware  is  not  formed  by  mixing  together  the  pure 
earths,  which  would  be  a great  deal  too  expensive  ; but 
natural  combinations  or  mixtures  of  earths  are  employ- 
ed. These  combinations  must  possess  the  following 
properties  : I.  They  must  be  capable,  when  reduced  to 
powder,  of  forming  with  water  a paste  sufficiently  duc- 


•*  Fourmy’s  Mcmoire  sur  Its  Out) rages  de  Ferres  cvitfi,  p.  Jt, 
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tile  to  be  made  into  any  form  which  is  required,  i. 

This  paste,  after  being  exposed  to  a sufficient  heat,  or 
after  being  baied  as  it  is  termed,  must  acquire  such  a 
permanent  degree  of  hardness  as  to  be  able  to  resist  the 
action  of  the  weather  and  of  water.  3.  The  vessels 
formed  of  it  must  in  that  state  be  capable  of  resisting 
changes  of  temperature.  4.  They  must  be  able  to  re- 
sist a strong  heat  without  being  melted.  5.  They  must 
not  be  permeable  to  liquids,  nor  liable  to  be  acted  on  by 
chemical  agents. 

Common  clay  possesses  a good  many  of  these  quali- 
ties. When  finely  ground,  it  may  be  formed  into  a 
Very  ductile  paste  ; heat  makes  it  hard  enough  to  striker 
fire  with  steel,  and  capable  of  resisting  the  action  of 
most  chemical  agents  ; and  it  is  not  liable  to  be  melted 
by  heat.  Clay  accordingly  was  the  first  substance  em- 
ployed, and  it  is  still  employed  for  a variety  of  pur- 
poses. 

Bricks,  for  instance,  are  always  made  of  this  sub-  Manufac* 
Stance.  The  clay  is  dug  out  of  the  earth,  and  after  be-  jjrkksf 
ing  exposed  for  some  time  to  the  air  is  reduced  to  pow- 
der, and  formed  into  a paste  with  water.  The  bricks 
are  then  formed  in  moulds,  exposed  for  some  time  to 
dry  in  the  open  air,  and  then  burnt  in  a large  furnace 
constructed  on  purpose.  Tiles  which  are  employed  for 
covering  houses  are  formed  in  the  $ same  way.  The 
clay,  however,  is  finer,  and  it  is  usually  ground  in  a 
•mill. 

Bricks  and  tiles  should  be  impervious  to  Water  : they 
should  be  capable  of  withstanding  the  action  of  heat, 
and  not  be  subject  to  moulder.  It  is  obvious  that  these 
qualities  must  depend  upon  the  nature  of  the  clay  of 
which  they  are  formed,  and  on  the  degree  in  which 
Vol.  ii.  -T"* 
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they  have  been  burned.  Clay  is  a mixture  of  alumina 
and  silica  in  various  proportions.  When  the  proportion 
of  alumina  is  great,  the  brick  contracts  much  in  its  di- 
mensions, and  is  apt  to  crack  during  the  burning. 
Clay  therefore  must  be  chosen  which  contain*  the  pro- 
per proportion  of  silica,  or  the  defect  must  be  remedied 
by  adding  sand.  Bergman  recommends  the  addition  of 
a little  lime,  which  has  the  property  of  rendering  the 
clay  fusible  *.  The  clay  of  which  bricks  and  tiles  are 
made  contains  some  oxide  of  iron  : hence  the  red  colour 
which  it  acquires  when  burnt. 

But  though  the  addition  of  lime  may  be  proper  in 
some  cases  in  the  manufacture  of  bricks  and  tiles,  it 
would  be  exceedingly  improper  in  other  cases.  Lime 
ought  to  be  carefully  excluded  from  the  clay  destined  for 
making  pots  and  every  other  utensil  which  is  to  be  ex- 
posed to  a violent  heat,  as  it  renders  the  clay  fusible. 
Now  lime  enters  not  unfrequently  into  the  composition, 
of  clays.  It  is  evident  therefore  that  all  clays  are  not 
proper  for  the  manufacture  of  stoneware.  They  must 
be  free  from  lime,  barytes,  and  every  other  ingredient 
which  renders  them  fusible.  They  must  also  be  free 
from  metallic  oxides,  which  not  only  render  them  fusi- 
ble, but  also  injure  the  colour  of  the  porcelain.  The 
days  which  answer  are  those  which  consist  of  a mixture 
of  alumina  and  silica.  These  are  known  by  the  names 
of  potter’s  clay,  tobacco  pipe  clay,  porcelain  clay,  &c. 
according  to  the  purposes  to  which  they  are  applied. 
It  is  necessary  to  mix  the  clay  with  some  fine  colourless 
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sand,  in  order  to  prevent  the  vessels  from  contracting 
too  much  during  the  baking. 

Thus  stoneware  is  composed  of  two  materials,  pure 
clay  and  sand  ; and  the  beauty  of  the  ware  depends  up- 
on the  purity  and  fineness  of  these  two  materials. 
What  is  called  English  stoneware  is  composed  of  to- 
bacco pipe  clay  and  powdered  flints  ; delft  ware  is  com- 
posed of  clay  and  fine  sand ; and  the  coarsest  wares  of 
still  more  common  clay  and  sand. 

The  materials  are  ground  very  fine  in  a mill,  then 
mixed  together,  and  formed  into  a paste.  The  different 
vessels  are  coarsely  moulded  on  the  potter’s  wheel,  and 
allowed  to  dry  till  they  can  bear  handling.  After  this 
they  receive  their  destined  form  completely  ; and  when 
they  are  sufficiently  dry,  they  are  covered  with  the  re- 
quisite enamel,  and  then  put  into  the  furnace  and  baked. 

Such,  in  general,  is  the  method  of  manufacturing 
stoneware.  The  particular  processes  followed  in  the 
making  of  porcelain  are  concealed  by  the  manufacturers  j 
but  the  component  parts  are  always  analogous  to  those 
pointed  out  by  Reautnur.  The  refractory  ingredient  is 
a fine  white  day,  consisting  essentially  of  alumina  and 
silica,  and  the  fusible  ingredient  is  a mixture  of  siliceous 
sand  and  lime. 

It  is  necessary  to  glaze  the  surface  of  vessels, 
whether  of  stoneware  or  porcelain,  both  for  the  purpose 
of  beauty  and  utility  ; for  the  body  of  the  vessel,  or 
biscuit  as  it  is  called,  would  not  be  sufficiently  compact 
to  contain  liquids.  Now  this  glazing  is  of  three  kinds, 
i.  A vitrified  metallic  oxide.  2.  An  enamel.  3.  A glass. 
The  first  is  applied  to  the  coarsest  vessels,  the  second 
to  fine  kinds  of  stoneware,  the  third  to  porcelain. 

The  glazing  of  coarse  vessels  is  formed  by  covering 
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their  surface  while  hot  with  a little  litharge,  which  has 
the  property  of  running  into  an  opaque  glass  at  a mode- 
rate heat  when  spread  thin  upon  an  earthen  vessel. 
The  colour  of  this  glazing  is  yellow  or  red.  It  is  sel- 
dom perfect.  Hence  these  coarse  vessels  are  frequent- 
ly porous  and  incapable  of  resisting  the  action  of  corro- 
sive substances.  Common  salt  is  sometimes  employed 
instead  of  lead.  It  facilitates  the  fusion  of  the  surface 


of  stoneware,  and  occasions  a kind  of  vitrification. 

t.  Enamel.  The  glazing  of  fine  vessels  consists  of  white  enamel. 

This  is  made  as  follows  : One  hundred  parts  of  lead  are 
melted  with  from  15  to  40  parts  of  tin,  and  the  mix- 
ture oxidized  completely,  by  exposing  it  to  heat  in  an 
open  vessel.  One  hundred  parts  of  this  oxide  are  mixed 
with  100  parts  of  a fine  white  sand  composed  of  3 parts 
silica  and  j part  of  talc,  and  with  about  25  parts  of 
common  salt.  This  mixture  is  melted,  then  reduced 
to  powder,  and  formed  into  a paste,  which  is  spread 
thin  over  the  porcelain  vessel  before  it  be  baked.  The 
excellency  of  a good  enamel  is,  that  it  easily  fuses  into 
a kind  of  paste  at  the  heat  which  is  necessary  for 
baking  porcelain,  and  spreads  equably  on  the  vessel, 
forming  a smooth  glassy  surface,  without  losing  its 
opacity,  or  flowing  completely  into  a glass.  Its  white- 
ness depends  upon  the  proportion  of  the  tin,  its  fusibility 
upon  the  lead. 

. Glass.  Porcelain  is  always  covered  with  a glass,  composed 
of  earthy  ingredients,  without  any  mixture  of  metallic, 
oxides.  Hence  die  high  temperature  necessary  to  fuse 
it,  and  the  property  which  porcelain  vessels  have  of  re- 
sisting the  action  of  the  most  corrosive  substances  pre- 
cisely as  common  glass  does.  The  substance  common- 
ly employed  is  felspar  ; a mineral  of  a fine  white  colour. 


STONEWARE. 

and  foliated  texture,  which  is  found  abundantly  in  the 
mountains. 

It  is  usual  to  paint  both  stoneware  and  porcelain  of 
various  colours.  These  paintings  are  often  excellent, 
both  in  elegance  of  workmanship  and  in  brilliancy  of 
colours.  The  colours  are  given  by  means  of  metallic 
oxides,  which  are  mixed  up  with  other  ingredients  pro- 
per to  constitute  an  enamel,  and  applied  in  the  usual 
manner  with  a pencil 

On  this  subject  much  light  has  been  thrown  by  the 
experiments  of  Wedgewood  ; and  Brogniart  has  lately 
published  a general  account  of  the  processes  at  Sevres, 
of  which  he  is  director  *. 

The  process  differs  a little  according  to  the  substance 
on  which  the  colours  are  to  be  applied.  When  the  ves- 
-sels  are  covered  with  enamel,  less  flux  is  necessary,  be- 
cause the  enamel  melts  at  a low  heat,  and  the  colours 
readily  incorporate  with  it.  But  this  renders  them 
more  dilute,  and  makes  it  often  necessary  to  retouch 
them.  The  colours  on  enamel  generally  appear  bril- 
liant and  soft,  and  are  not  liable  to  scale.  The  flux  is 
either  a glass  of  flint  and  lead,  or  borax  mixed  with 
flint  glass-  The  colours  are  usually  made  into  a paste 
by  means  of  gum  water  or  volatile  oils.  Some  of  them 
are  liable  to  alteration  by  the  action  of  the  lead  on 
them. 

The  colours  applied  upon  hard  porcelain,  or  porce- 
lain glazed  with  felspar,  are  nearly  the  same  as  those  ap- 
plied on  enamel,  but  more  flux  is  necessary.  They 
are  not  liable  to  dilution,  as  the  felspar  glaze  does  not 
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melt  at  the  heat  requisite  for  fusing  the  colours  and 
their  flux.  They  are  liable  to  scale  off  when  repeated- 
ly heated. 

Colours  are  sometimes  applied  over  the  whole  surface 
of  the  porcelain  ; the  flux  in  that  case  is  porcelain. 
But  such  colours  are  not  numerous,  because  few  oxides 
can  stand  the  heat  necessary  for  melting  felspar  without 
being  altered  or  volatilized. 

1.  Purple  is  given  by  means  of  the  purple  oxide  of 
gold  precipitated  by  the  smallest  possible  quantity  of 
muriat  of  tin.  This  oxide  is  mixed  with  a proper  quan- 
tity of  powdered  glass,  borax,  and  oxide  of  antimony, 
and  applied  with  a pencil.  It  cannot  bear  a strong  heat 
without  losing  its  colour. 

2.  Red  is  given  by  oxide  of  iron.  A mixture  of  2 
parts  of  sulphat  of  iron  and  1 part  of  alum  is  calcined 
slowly,  till  it  acquires  a fine  red  colour  when  cold.  This 
powder  is  mixed  with  the  usual  flux,  and  applied  with 
a pencil. 

3.  Yellow  is  given  by  the  oxide  of  silifer  ; or,  by  ox- 
ides of  lead,  antimony,  and  sand  ; green,  by  the  oxide 
of  copper  j blue,  by  the  oxide  of  cobalt ; and  violet,  by 
the  oxide  of  manganese. 

For  farther  information  on  this  subject,  the  reader  is 
referred  to  the  dissertation  of  Brogniart. 
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1 HE  fixed  alkalies  have  a strong  affinity  for  several  of 
the  earths,  particularlyfor  silica  and  alumina,  which  they 
dissolve  in  considerable  quantity,  especially  when  assist- 
ed by  heat.  When  a strong  heat  is  applied  to  a mix- 
ture of  fixed  alkali  and  silica,  it  melts,  and  forms  a 
transparent  mass  well  known  by  the  name  of  glass. 

The  method  of  making  this  useful  compound  was  History- 
known  at  a very  early  period.  According  to  Pliny, 
the  discovery  was  owing  to  an  accident.  Some  mer- 
chants, with  a ship-load  of  soda  from  Egypt,  had  cast 
anchor  at  the  mouth  of  the  river  Belus  in  Phoenicia, 
and  were  dressing  their  dinner  on  the  sand.  They  made 
use  of  large  lumps  of  soda  to  support  their  kettles,  and 
lighted  fires  under  them.  The  heat  melted  the  soda  and 
the  siliceous  sand  together,  and  the  result  was  glass. 

For  some  time  after  this  accidental  discover}'  the  ma- 
nufacture of  glass  was  confined  to  the  river  Belus. 

This  manufacture  seems  to  have  been  carried  to  a 
considerable  degree  of  perfection  among  the  ancients. 

They  mention  drinking  glasses,  glass  prisms,  and  co- 
loured glasses  of  various  kinds.  But  perfectly  trans- 
parent glass  was  considered  as  very  valuable  ; for  Ne- 
fo  gave  L.  50,000  for  two  glass  cups  with  handles ; a 
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DtasionH,  Proof  t,iat  ^leir  processes  must  have  been  far  less  per- 
' r~~~'  CCt  than  ourf-  Jt  was  usual  for  them  to  melt  the  ma- 

tenals  of  their  glass  into  a black  mass  called  ammoni- 
trum,  of  which  statues  were  sometimes  made.  This* 
ammonitrum  was  again  melted  and  purified  by  refiners. 
Glass  panes  seem  to  have  been  first  used  in  windows  in 

the  third  century,  but  they  did  not  come  into  common 
use  till  long  after  *. 

Materials.  The  materials  employed  in  the  manufactory  of  glass 

may  be  reduced  under  three  classes;  namely,  alkalies, 
earths,  and  metallic  oxides. 

1.  Alkalies,  The  fixed  alkalies  may  be  employed  indifferently ; 

but  soda  is  preferred  in  this  country.  The  soda  of 
commerce  is  usually  mixed  with  common  salt,  and  com- 
bined  with  carbonic  acid.  It  is  proper  to  purify  it  from 
both  of  these  foreign  bodies  before  using  it.  This 
however,  is  seldom  done. 

Earths,  The  earths  are  silica,  lime,  and  sometimes  a little  alu- 
mina. Silica  constitutes  the  basis  of  glass.  It  is  em- 
ployed in  the  state  of  fine  sand  or  flints ; and  sometimes, 
for  making  very  fine  glass,  rock-crystal  is  employed. 
When  sand  is  used,  it  ought  if  possible  to  be  perfectly 
white ; for  when  it  is  coloured  with  metallic  oxides, 
the  transparency  of  the  glass  is  injured,  Such  sand 
can  only  be  employed  for  very  coarse  glasses.  It  is 
necessary  to  free  the  sand  from  all  the  loose  earthy  par- 
ticles with  which  it  may  be  mixed,  which  is  done  by 
washing  it  well  with  water. 

Lime  renders  glass  less  brittle,  and  enables  it  to  with- 
stand better  the  action  of  the  atmosphere.  It  ought  in 


* 
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no  case  to  exceed  the  twentieth  part  of  the  silica  em- 
ployed, otherwise  it  corrode^  the  glass  pots.  "I his  in- 
deed may  be  prevented  by  throwing  a little  clay  into 
the  melted  glass ; but  in  that  case  a green  glass  only  is 
obtained. 

The  metallic  oxides  employed  are  the  red  oxide  of 
lead  or  litharge,  and  the  white  oxide  of  arsenic.  The 
red  oxide  of  lead,  when  added  in  sufficient  quantity,  en- 
ters into  fusion  with  silica,  and  forms  a glass  without 
the  addition  of  any  other  ingredient.  Five  parts  of 
minium  and  two  of  silica  form  a glass  of  an  orange  co- 
lour and  full  of  striae.  Its  specific  gravity  is  5.  The 
Xcd  oxide  of  lead  renders  glass  less  brittle,  and  more  fu- 
sible j but  when  added  beyond  a certain  proportion,  it 
injures  the  transparency  and  the  whiteness  of  glass. 

The  white  oxide  of  arsenic  answers  the  same  purpo- 
ses with  that  of  lead  ; but  on  account  of  its  poisonous 
qualities  it  is  seldom  used.  It  is  customary  to  add  a 
little  nitre  to  the  white  oxide  of  arsenic,  to  prevent  the 
heat  from  reviving  it,  and  rendering  it  volatile.  When 
added  beyond  a certain  proportion,  it  renders  glass 
opaque  and  milky  like  the  dial-plate  of  a watch.  When 
aity  combustible  body  is  present,  it  is  usual  in  some 
manufactures  to  add  a little  white  oxide  of  arsenic. 
This  supplying  oxygen,  the  combustible  is  burnt,  and 
flies  off ; while  the  revived  arsenic  is  at  the  same  time 
volatilized. 

After  mixing  the  alkali  and  sand  together,  it  is  usual 
to  expose  them  for  some  time  to  a moderate  heat.  This 
serves  several  purposes.  It  drives  off  all  combustible 
bodies  which  may  happen  to  be  mixed  with  the  sand ; 
it  produces  a commencement  of  combination  which 
makes  the  glass  afterwards  les$  liable  to  corrode  the 
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fciv^orfir.  fIa?  P6fs  ln  wJiich  it  is  melted;  and  the  afkali,  by  this 
incipient  combination,  is  not  so  apt  to  be  volatilized  ; 
which  might  be  the  case  if  the  materials  were  exposed 
at  once  to  a violent  heat.  The  mixture,  after  being 
thus  heated,  is  called  the  frit.  Through  the  domes  in 
which  the  frit  is  heated,  it  is  usual  to  see  very  thin, 
bubbles  of  glass  passing;  a proof  that  some  of  the  ma- 
terials are  volatilized  during  this  first  part  of  the  pro- 
cess. 

The  frit,  while  still  hot,  is  introduced  into  large  pots 
fnade  of  a mixture  of  pure  clay  and  baked  clay,  and  ex- 
posed to  a heat  sufficient  to  melt  it  completely.  The 
fusion  must  be  continued  till  the  effervescence  occa- 
sioned by  tbo  separation  of  the  carbonic  acid  from  the 
soda  has  subsided,  and  the  opaque  scum,  known  by  the 
Dame  oi  glafs-gall,  which  collects  on  the  surface  of  the 
glass,  must  be  removed.  This  scum  is  occasioned  by 
the  common  salt  and  other  foreign  bodies  which  are  al- 
ways mixed  with  the  soda  of  commerce.  When  the 
fusion  has  been  continued  the  proper  time,  the  furnace 
is  allowed  to  cool  a little.  In  that  state  the  glass  is  ex- 
ceedingly ductile,  and  readily  assumes  any  shape  that 
$he  workman  pleases. 

If  the  glass  vessels,  after  being  formed,  were  cooled 
uapidly,  they  would  contract  unequally,  and  become  in 
consequence  so  brittle  as  to  fall  to  pieces  whenever  they 
were  handled,  io  prevent  this  inconvenience,  they  are 
put  into  a large  red  hot  furnace,  which  is  allowed  to 
cool  very  slowly  to  the  temperature  qf  the  air.  ^ This 
process  is  called  annealing. 

Its  proper-  -The  properties  that  distinguish  good  glass  are  well 
known.  It  is  perfectly  transparent;  its  hardness  is  ve- 
ry considerable  ; its  specific  gravity  varies  from  2.3  to 
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4,  according  to  the  proportion  of  metallic  oxide  which  Chap.  II.  ^ 
it  contains.  When  cold  it  is  brittle:  but  at  a red  heat 
it  is  one  of  the  most  ductile  bodies  known,  and  may  be 
drawn  out  into  threads  so  fine  as  to  be  scarcely  visible 
to  the  naked  eye.  It  is  almost  perfectly  elastic,  and  of 
course  is  one  of  the  most  sonorous  of  bodies.  There 
are  but  few  chemical  agents  which  have  any  action  on 
it.  Fluoric  acid  dissolves  it  with  great  rapidity,  and 
so  do  the  fixed  alkalies  when  assisted  by  heat.  Dr 
Priestley  has  shown  also,  that  the  long  continued  ac- 
tion of  hot  water  is  capable  of  decomposing  it : a dis- 
covery which  explains  sufficiently  the  siliceous  earth 
obtained  by  Boyle  and  Margraff  when  they  subjected 
water  to  tedious  distillations  in  glass  vessels. 

There  are  different  kinds  of  glass  manufactured  for  Differsut 
different  purposes  : the  principal  of  these  are  flint  glass,  k“ds. 
crown  glass,  and  bottle  glass. 

Flint  glass  is  formed  of  soda,  pounded  flints,  and  ox- 
ide of  lead.  It  is  the  densest,  most  transparent,  and 
most  beautiful  glass,  and  is  often  called  crystal.  Crown 
glass  contains  no  lead.  It  is  composed  of  soda  and  fine 
sand.  This  kind  is  used  for  the  panes  of  windows. 

Bottle  glass  is  the  coarsest  of  all.  It  is  composed  of 
kelp  or  the  refuse  of  soap  boilers,  and  common  sand. 

Its  green  colour  is  owing  to  the  presence  of  iron.  Of 
these  species  the  most  fusible  is  flint  glass,  apd  the 
least  fusible  bottle  glass.  According  to  the  experi- 
ments of  Saussure,  flint  glass  melts  at  the  temperature 
of  1 90  Wedgewood,  crown  glass  at  30°,  and  bottle  glates 
at  470*. 


* Jour,  dc  P/jys.  xlv.  14, 
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Glass  is  often  tinged  of  various  colours  by  mixing 
with  it  while  in  fusion  some  one  or  other  of  the  metal- 
lic oxides. 

Blue  glass  is  formed  by  means  of  oxide  of  cobalt. 

Green,  by  the  oxide  of  iron  or  of  copper. 

Violet,  by  oxide  of  manganese. 

Red,  by  a mixture  of  the  oxides  of  copper  and  iron. 

Purple,  by  the  purple  oxide  of  gold. 

White,  by  the  oxide  of  arsenic  and  of  zinc. 

"i  ellow,  by  the  oxide  of  silver  and  by  combustible 
bodies. 


Opticians,  who  employ  glass  for  optical  instruments, 
often  complain  of  the  many  defects  under  which  it  la- 
bours. The  chief  of  these  are  the  following: 

1.  Streaks.  These  are  waved  lines,  often  visible  in 
glass,  which  interrupt  distinct  vision.  They  are  pro- 
bably owing  sometimes  to  want  of  complete  fusion, 
which  prevents  the  different  materials  from  combining 
sufficiently  ; but  in  some  cases  also  they  may  be  pro- 
duced by  the  workmen  lifting  up,  at  two  different 
times,  the  glass  which  is  to  go  to  the  formation  of  one 
vessel  or  instrument. 

2.  Tears.  These  are  white  specks  or  knots,  occa- 
sioned by  the  vitrified  clay  of  the  furnaces,  or  by  the 
presence  of  some  foreign  salt. 

3.  Bubbles.  These  are  air-bubbles  which  have  not 
been  allowed  to  escape.  They  indicate  want  of  com- 
plete fusion,  either  from  too  little  alkali,  or  the  appli- 
cation of  too  little  heat. 

4.  Cords.  These  are  asperities  on  the  surface  of  the 
glass,  in  consequence  of  too  little  heat. 
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1 HE  word  Salt  was  originally  confined  to  muriat  of  Definition. 
spda , or  common  salt ; a substance  which  has  been  known 
and  in  common  use  from  the  remotest  ages.  It  was  af- 
terwards generalized  by  chemists,  and  employed  by  them 
in  a very  extensive  and  not  very  definite  sense.  Every 
body  which  is  sapid,  easily  melted,  soluble  in  water,  and 
not  combustible,  has  been  called  a salt. 

Salts  were  considered  by  the  older  chemists  as  a class 
of  bodies  intermediate  between  earths  and  water.  Many 
disputes  arose  about  what  bodies  ought  to  be  compre- 
hended under  this  class,  and  what  ought  to  be  excluded 
from  it.  Acids  and  alkalies  were  allowed  by  all  to  be 
salts  ; but  the  difficulty  was  to  determine  concerning 
earths  and  metals ; for  several  of  the  earths  possess  all 
the  properties  which  have  been  ascribed  to  salts,  and 
the  metals  are  capable  of  entering  into  combinations 
which  possess  saline  properties. 

In  process  of  time,  however,  the  term  salt  was  re- 
stricted to  three  classes  of  bodies  ; namely,  acids,  alka- 
lies, and  the  compounds  which  acids  form  with  alkalies, 
earths,  and  metallic  oxides.  The  first  two  of  these 
classes  were  called  simple  salts-,  the  salts  belonging  to 
the  third  class  were  called  compound  or  neutral.  This 
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last  appellation  originated  from  an  opinion  long  enter- 
tained bj  chemists,  that  acids  and  alkalies,  of  which 
they  are  composed,  were  of  a contrary  nature,  and  that 
they  counteracted  one  another  ; so  that  the  resulting 
compounds  possessed  neither  the  properties  of  acids  nor 
of  alkalies,  but  properties  intermediate  between  the 
two. 

Chemists  have  lately  restricted  the  term  salt  still 
more,  by  tacitly  excluding  acids  and  alkalies  from  the 
class  of  salts  altogether.  At  present,  then,  it  denotes 
Only  the  compounds  formed  by  the  combination  of 
acids  with  alkalies,  earths,  and  metallic  oxides*. 

No  part  of  chemistry  has  been  cultivated  with  more 
zeal  than  the  salts,  especially  for  these  last  40  years. 
During  that  time  the  number  of  saline  bodies  has  been 
enormously  increased,  and  the  properties  of  a very 
great  number  have  been  determined  with  precision. 
Still,  however,  this  wide  and  important  region  is  far 
from  being  completely  explored. 

Chemists  have  agreed  to  denominate  the  salts  from 
the  acids  which  they  contain  : The  earth,  alkali,  and. 
metallic  oxide,  combined  with  that  acid,  is  called  the 
base  of  the  salt.  Thus  common  salt  being  a compound 
of  muriatic  acid  and  soda,  is  called  a muriat-,  and  soda 
is  called  the  base  of  common  salt.  Now  since  there  are 
32  acids  and  57  bases,  it  would  appear,  at  first  .sight, 
that  there  are  1824  salts;  but  of  the  45  metallic  ox- 
ides at  present  known,  there  are  a considerable  number 
which  cannot  combine  w'ith  many  of  the  acids.  This  is 


* The  terms  salt  and  neutral  salt  are  often  confounded.  In  this  Work, 
tlie  epithet  neutral  is  confined  tp  salts  having  no  csceis  of  acid  or  bast;. 
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the  case  also  with  silica,  and  perhaps  with  some  of  the 
other  earths.  We  must  therefore  subtract  all  these 
from  the  full  number  1824.  However,  to  compensate 
this  deficiency,  at  least  in  part,  there  are  several  acids- 
capable  of  combining  with  two  bases  at  once.  Thus 
the  tartaric  acid  combines  at  once  w ith  potass  and  soda. 
Such  combinations  are  called  triple  salts , and  they  in- 
crease the  number  of  salts  considerably.  There  are 
gome  salts,  too,  which  are  capable  of  combining  with, 
an  additional  dose  of  their  acid,  and  others  which  com- 
bine with  an  additional  dose  of  their  base.  The  French 
chemists  denote  the  first  of  these  combinations  by  add- 
ing to  the  usual  name  of  the  salt  the  phrase  with  excess 
of  acid,  or  by  prefixing  to  it  the  word  acidulous:  They 
denote  the  second  by  subjoining  the  phrase  with  excess 
of  base.  This  method  of  naming  has  the  merit  indeed 
of  being  precise  ; but  it  is  exceedingly  awkward,  and 
intolerably  tedious.  The  ingenious  mode  of  naming 
these  combinations  proposed  by  Dr  Pearson  ought  cer- 
tainly to  be  preferred.  It  is  equally  precise,  if  not 
more  so,  and  far  more  convenient  in  every  respect.  It 
consists  in  prefixing  to  the  usual  name  of  the  salt  the 
preposition  super , to  denote  an  excess  of  acid,  and  the 
preposition  sub  to  denote  an  excess  of  base  *.  Thus 
sulphat  of  potass  denotes  the  salt  in  its  state  of  perfect 
neutralization,  without  any  excess  either  of  the  sulphuff 
ric  acid  or  of  the  potass  ; supersulphat  of  potass  is  the 
same  salt  with  an  excess  of  acid ; subsulphat  of  potass 
is  the  same  salt  with  excess  of  base.  These  three  dif-' 
ferent  kinds  must  increase  the  number  of  saline  com- 


* Pearson’s  Translation  of  tl,  Chemical  Nomenclature,  p. 


3°  3 

Chap.  Ilf. 


Triple  salts. 


Supersalts 
and  sub- 
salts- 


3°4 


SECONDARY  compounds. 


Book  II. 
Division  II. 


Nomencla- 

ture. 


pounds  very  considerably  ; but  the  precise  number  of 
salts  is  not  known,  as  many  of  them  remain  still  unex- 
amined by  chemists.  Probably  they  afe  not  much  few- 
er than  2coo.  Some  idea  may  be  formed  of  the  pro- 
gress which  this  branch  of  chemistry  has  made,  by  re- 
collecting that  40  years  ago  not  more  than  30  salts  in 
all  were  known. 

Of  these  200c,  however,  a considerable  number  may 
be  considered  as  still  unknown,  as  they  have  been  mere- 
ly formed  without  being  examined.  Of  those  which 
are  known,  the  greater  number  have  not  been  applied 
to  any  use,  and  therefore  do  not  deserve  a very  parti- 
cular description. 

As  the  different  gertera  of  salts  are  denominated  from 
their  acids,  it  is  evident  that  there  must  be  as  many 
genera  as  there  are  acids.  The  terminations  of  the 
names  of  these  genera  differ  according  to  the  nature  of 
the  acids  which  constitute  them.  When  that  acid  Con- 
tains a maximum  of  oxygen,  the  termination  of  the  ge- 
nus is  at-,  when  it  does  not  contain  a maximum  of  oxv- 
gen,  the  termination  of  the  genus  is  ite.  Thus  the 
salts  which  contain  sulphuric  acid  are  called  sulpbats ; 
those  which  contain  sulphurous  acid  are  called  sulphites. 
This  distinction  is  of  some  consequence,  because  the 
salis  differ  very  much,  according  as  the  acid  is  satura- 
ted with  oxygen  or  not.  The  ites  are  seldom  perm** 
nent : when  exposed  to  the  air,  they  usually  attract 
oxygen,  and  are  converted  into  (its. 

Every  particular  species  of  salt  is  distinguished  by 
subjoining  to  the  generic  term  the  name  of  its  base. 
Thus  the  salt  composed  of  sulphuric  acid  and  soda  is 
called  sulphat  of  soda.  Triple  salts  arc  distinguished 
by  subjoining  the  names  of  both  the  bases  connected  by 
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hyphens.  Thus  the  compound  of  tartaric  acid,  potass,  Chap.  III-^ 
and  soda,  is  called  tartrat  of  potass-and-soda. 

Before  the  correction  of  the  chemical  nomenclature  Arrange- 
by  Morveau  in  1781,  chemists  usually  referred  the  ge-  ment" 
nera  of  salts  to  the  bases,  and  distinguished  the  species 
by  the  acids.  That  celebrated  philosopher  entirely  re- 
versed that  method  by  introducing  the  new  generic 
terms  formed  from  the  acids.  And  his  ingenious  no- 
menclature having  been  sanctioned  and  improved  in 
1787  by  Lavoisier,  Berthollet,  and  Fourcroy,  who  join- 
ed with  him  in  forming  a new  chemical  nomenclature, 
has  now  become  universally  prevalent.  As  far  as  re- 
lates to  the  salts  which  have  alkaline  and  earthy  bases, 
this  method  introduced  by  Morveau  is  certainly  pro- 
per; for  in  them  the  acids  in  a great  measure  stamp  the 
character  of  the  salt,  and  therefore  ought  to  constitute 
the  generic  distinction  : but  it  does  not  apply  equally 
well  to  the  salts  whose  bases  are  metallic  oxides  ; for 
in  them  it  is  not  the  acid  but  the  base  which  stamps 
the  character.  In  them,  therefore,  the  genera  ought  to 
be  reversed : they  ought  to  be  derived  not  from  the 
acids  but  from  the  bases,  or  rather  from  the  metals 
whose  oxides  constitute  the  base. 

The  salts  then  naturally  divide  themselves  into  two  Division  in- 
grand classes  ; the  first  of  which  comprehends  the  alka-  see!*™ 
line  and  eatthy  salts,  which  derive  their  most  important 
characters  from  their  acids  ; the  second  comprehends 
the  metalline  salts,  whose  bases  on  the  contrary  stamp 
their  most  important  properties.  I shall  therefore  di- 
vide this  Chapter  into  two  Sections : in  the  first  of 
which  I shall  describe  the  alkaline  and  earthy  9alts y in 
the  second,  the  metalline. 
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/Vs  the  salts  belonging  to  this  Section  maybe  arranged 
with  greatest  propriety  according  to  their  acids,  they 
naturally  divide  themselves  into  32  genera,  every  par- 
• ticular  acid  constituting  a genus.  But  of  these  genera 
some  must  be  omitted  altogether  ; because  the  salts 
which  belong  to  them  have  not  been  examined.  Every 
genus  will  comprehend  under  it  as  many  species  as  there 
are  bases;  besides  the  triple  salts  and  the  subs  and  the 
supers. 

As  these  genera  are  very  numerous,  it  will  be  at- 
tended with  considerable  advantage  to  the  learner  if  We 
subdivide  them  into  sets  according  to  their  properties. 
This  is  attempted  in  the  following  Table. 


TabLe  of  the  Alkaline  and  Earthy  Salts. 

Table  of  I,  Incombustible  Salts. 

a.  Not  altered  when  heated  with  combustibles. 

1.  Muriats. 

2.  Fluats. 

3.  Borats. 

h.  Decomposed  without  combustion  when  heated 
with  combustibles. 


saLts, 

1.  Sulphats. 

2.  Phosphats. 

3.  Carbonats. 
c.  Set  fire  to  combustibles,  or  yield  oxygen  gas 

by  heat. 

1.  Nitfats — Nitrites. 

2.  Hyperoxymuriats*. 

3.  Arseniatsi 

4.  Molybdats . 

5.  *Tungstats. 

6.  Chromats. 

7.  Columbats  f. 

II.  Combustible  Salts. 

a.  Acids  partially  dissipated)  leavirig  salts  in  at . 

1.  Sulphites. 

2.  Phosphites. 

J>,  Acids  totally  dissipated,  leaving  the  base  and 
charcoal. 

-f-  Acids  partly  sublimed  unaltered. 

1.  Acetats. 

2.  Succinats.  . 

3.  Benzoats. 

4.  Camphorats. 

-j — \-  Acids  wholly  decomposed. 

5.  Oxalat's. 

6.  Mellat3. 


* The  nitrat  and  hyperoxymuriat  of  ammonia  are  combustible 
They  disappear  completely  when  heated.  * 

| The  genera  in  italics  arc  placed  from  analogy  only. 
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7.  Tartrats. 

S.  Citrats. 

9.  Saccolats. 

10.  Sebats. 

' . 1 

1 1 . Malats. 

1 2.  Lactats. 

13.  Suberats. 

H — | — f-  Anomalous. 

14.  Gallats. 

15.  Prussiats. 

Let  us  take  a view  of  all  these  genera,  following1  thrf 
order  of  the  Table. 


Order  i.  incombustible  salts. 

Genus  I.  Muriats. 

» - ‘ . 

The  muriats  are  the  genus  of  sails  which  have  been 

longest  known,  and  from  which  indeed  the  whole  of 
the  class  have  borrowed  their  name  ; for  to  them  be- 
longs commcn  salt,  the  most  important  and  the  most 
indispensably  necessary  of  all  the  salts.  They  may  be 
distinguished  by  the  following  properties : 

1.  When  heated,  they  melt,  and  are  volatilized,  at 
least  in  part,  without  undergoing  decomposition.  The 
first  portions  which  fly  off  contain  an  exoCss  of  acid. 

2.  Not  in  the'  least  altered  by  combustibles,  even 
when  assisted  by  heat. 

3.  Soluble  in  water.  For  the  most  part  they  raise 
the  boiling  point  of  water. 

4.  Effervesce  with  sulphuric  acid,  and  white  aqriil 
fumes  of  muriatic  acid  are  disengaged. 
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When  mixed  with  nitric  acid,  they  exhale  the  o-  chap.  TIT, 
dour  of  oxymuriatic  acid.  ' * " "J 

The  alkaline  and  earthy  muriats  at  present  known 
amount  to  twelve. 

Sp.  I.  Muriat  of  Barytes. 

The  properties  of  this  salt  were  first  investigated  by 
Jcheele  and  Bergman.  Dr  Crawford  wrote  a treatise 
on  its  medical  virtues  in  1790*,  and  Van  Mons  has 
mord  lately  treated  of  the  different  processes  for  pre- 
paring itf. 

The  easiest  method  of  preparing  it  would  be  to  dis-  Prepara- 
solve  carbonat  of  barytes  in  yvater  and  crystallize  the  t on 
solution  ; but  as  the  carbonat  of  this  earth  is  rare,  the 
salt  is  usually  formed  by  calcining  in  a crucible  a mix- 
ture of  sulphat  of  baTytes  and  charcoal,  decomposing 
the  sulphuret  formed  by  means  of  muriatic  acid,  filtra- 
ting the  solution,  evaporating  it  till  a pellicle  begins  to 
form  on  its  surface,  then  allowing  it  to  cool  slowly.  The 
crystals  of  muriat  of  barytes  gradually  deposite.  If  the 
salt  happens  to  be  contaminated  with  iron,  which  is 
often  the  case,  the  crystals  are  to  be  calcined,  dissolved 
in  water,  the  solution  filtered  and  crystallized  again. 

By  this  process  the  oxide  of  iron  is  separated. 

The  primitive  form  of  muriat  of  barytes  is,  according  Properties, 
to  Hauy,  a four-sided  prism,  whose  bases  are  squares. 

Its  integrant  particles  have  the  same  figure.  It  crystal- 
lizes most  commonly  in  tables.  Sometimes  it  assumes 
The  form  of  two  eight-sided  pyramids  applied  base  to 


* Medical  Communications ) ij, 
f Jour,  de  Pbys.  xlv.  297, 
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base.  This  salt  has  an  exceedingly  acrid  astringent 
taste.  Its  specific  gravity  is  2-8257  *• 

This  salt  is  soluble  in  about  five  parts  of  water  at  the 
temperature  of  6o°.  It  is  still  more  soluble  in  boiling 
water.  Alcohol  is  also  capable  of  dissolving  it. 

It  is  not  altered  by  exposure  to  the  open  air.  When 
heated,  it  decrepitates  and  dries,  and  when  the  tempera- 
ture is  very  high  it  melts  ; but  no  heat  which  we  can 
apply  is  capable  of  decomposing  it. 

According  to  Kirwan,  this  salt  in  the  state  of  crystal* 
is  composed  of  .....  20  acid 

6 4 barytes 
16  water 


zoo 

When  dried,  it  contains  23.8  acid 

76.2  barytes 

100.0-f- 

Decompo-  Muriat  of  barytes,  according  to  Fourcroy,  is  decom- 
1 10r"  posed  by  the  following  salts  : . 

1.  All  the  alkaline  and  earthy  sulphatsj,  nitrats,  and 
sulphites. 

2.  Phosphats  and  borats  of  potass,  soda,  and  ammonia. 
This  salt  has  been  recommended  as  a cure  for  scrofu- 
lous disorders.  The  dose  is  from  5 to  20  drops  or  more. 
Care  ought  to  be  taken  not  to  use  it  in  too  great  quan- 
tities, as,  like  all  other  barytic  salts,  it  is  poisonous. 


■ , 'j:'  •. ••  • t>  * • * ■¥. 

9 

* Hasscnfratz,  Ann.  de  Cbim.  jfxviii.  12,. 


f Nicholson’s  Journal , iii.  215. 

t According  to  Pksis,  it  docs  not  decompose  sulphat  o(  lime,  nor  suli 


potass. — Ann . de  Cbim.  xv.  317. 
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In  chemistry  it  is  much  employed  as  a reactive  to  de-  Chap.  jit. 
tect  the  presence  of  sulphuric  acid.  When  dropt  into 
a liquid  holding  that  acid  in  solution,  an  insoluble  pre- 
cipitate of  sulphat  of  barytes  immediately  appears. 

Bergman  informs  us  that  this  precipitate  is  exceedingly 
visible,  even  when  the  acid  amounts  only  to  0.0002  of 
the  liquid.  Even  when  only  0.00009  °f  sulphuric  acid 
is  present,  a slight  cloud  appears  in  a few  minutes  after 
dropping  in  the  muriat*. 


Sp.  2.  Muriat  of  Potass. 


This  salt  was  formerly  called  febrifuge  or  digestive 
salt  of  Sylvias , and  regenerated  sea  salt. 

It  is  usually  prepared  by  dissolving  po,tas6  in  muria- 
tic acid,  and  evaporating  the  solution  till  the  salt  crys- 
tallizes. 

Its  crystals  are  cubes,  but  often  rather  irregular. 

It  has  a disagreeable  bitter  taste.  Its  specific  gravity 
is  1.8361. 

It  is  soluble  in  three  times  its  weight  of  water  at  the 
temperature  of  60  °.  It  is  rather  more  soluble  in  boil- 
, ing  water ; but  the  difference  is  not  sufficient  to  obtain 
crystals  by  allowing  a saturated  boiling  solution  of  this 
salt  to  cool.  Regular  crystals  can  only  be  obtained  by 
abandoning  the  solution  to  spontaneous  evaporation. 

It  suffers  little  alteration  from  exposure  to  the  air. 

When  exposed  to  heat,  it  decrepitates,  melts  when 
heated  to  Tedness,  and  at  last  is  volatilized  in  a white 
smoke,  but  without  decomposition. 


Properties. 


* Bergman,  i.  100. 


| Kirwap. 
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According  to  Bergman,  it  is  composed  of 
31  acid 
6 1 potass 
8 water 

100* 

According  to  Kirwan.when  dried  in  the  temperature 
of  8o°  its  component  parts  are  36  acid 

64  potass 
loof 

Dfcatnposi.  According  to  Fourcroy,  it  is  decomposed  by  the  fijl- 
uoji.  lowing  salts : 

1.  Sulphats  of  soda,  ammonia,  glucina,  alumina,  zir- 

conia.  ■ r ' ; ••  <•  ; 

2.  The  earthy  and  alkaline  nitrats. 

3.  Fluat  of  barytes. 

4.  All  salts  whose  base  is  oxide  of  silver  p 

This  salt  is  employed  by  the  alum-makers  to  procure 
the  crystallization  of  alum,  and  is  prepared  from  the 
waste  leys  of  the  soap-makers  for  that  purpose. 

* * 

Sp.  3.  Muriat  of  Soda. 

History.  This  sait  has  been  knov^n  and  in  common  use  as  a 
seasoner  of  food  from  the  earliest  ages.  It  is  known  by 
the  names  of  common  or  sea  salt;  sometimes  it  is  called 
sal  gem.  In  this  country  the  term  salt  is  usually  ap- 
plied to  it  without  any  addition.  The  nature  of  its 
■ ' 1 ' ' ,?  * ’!  > 

* Opusc.  i.  134.  f Nicholson’s  Journal,  iii.  4x5. 

t If  muriat  of  potass  and  carhonat  of  soda  be  mixed  together  Ih  water, 
we  may  crystallize  either  of  them  we  please  according  to  the  tempera- 
ture : below  66°,  the  muriat  crystallizes ; above  66°,  the  carbonat. 

liastekyn,  Ann.  de  CbtM.  xxx.  301. 
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acid  was  discovered  by  Glauber,  if  it  was  not  known  Chap.  III. 
earlier.  Stahl  affirms  in  his  Specimen  Becclerianuin,  that 
its  base  is  an  alkali ; but  Duhamel  was  the  first  who 
showed  how  to  obtain  that  base  in  a separate  state,  and 

. v v ■ . * • 

•who  demonstrated  the  difference  between  it  and  potass. 

This  salt  exists  in  great  abundance  native,  and  there- 
fore  is  never  formed  artificially  by  chemists.  Immense 
masses  of  it  are  found  in  different  countries,  which  re- 
quire only  to  be  dug  out  and  reduced  to  powder.  In 
that  state  it  is  called  rock  salt.  The  water  of  the  ocean 
also  contains  a great  proportion  of  this  salt,  to  which 
indeed  it  owes  its  taste,  and  the  potoer  which  it  pos- 
sesses of  resisting  freezing  till  cooled  down  to  28.3°. 

When  this  water  is  evaporated  sufficiently,  the  salt  pre- 
cipitates in  crystals.  It  is  by  this  process  that  it  is  ob- 
tained in  this  country.  But  the  salt  of  commerce  is  not 
sufficiently  pure  for  the  purposes  of  chemistry,  as  it 
contains  usually  muriat  of  lime,  See.  j but  it  may  be  ob- 
tained pure  by  the  follow-ing  process : Dissolve  it  in 
four  times  its  weight  of  pure  water,  and  filter  the  solu- 
tion. Drop  into  it  a solution,  first  of  muriat  of  barytes, 
then  of  carbonat  of  soda,  as  long  as  any  precipitate  con- 
tinues to  fall.  Separate  the  precipitates  by  filtration, 
and  evaporate  slowly  till  the  salt  crystallizes. 

Muriat  of  soda  usually  crystallizes  in  cubes,  wdiich,  Properties, 
according  to  Hatiy,  is  the  primitive  form  of  its  crystals 
and  of  its  integrant  particles.  Sometimes  the  angles  of 
the  cubes  are  truncated,  and  in  urine  the  crystals  of 
common  salt,  as  Fourcroy  and  Vauquelin  have  ascer- 
tained, assume  the  form  of  octahedrons. 

Its  taste  is  universally  known,  and  is  what  is  strictly 
speaking  denominated  salt.  Its  specific  gravity  is  2.1 20*. 


* Kirwan. 
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Iliv&onii.  IS  soIu^Ie  in  times  its  weight  of  water  at  the 

v temperature  of  600,  and  in  244  its  weight  of  boiling 

water*. 

It  is  not  affected  by  exposure  to  the  air.  The  muriat 
ef  soda  of  commerce,  indeed,  contains  a quantity  of  mu- 
riat of  magnesia,  which  renders  it  deliquescent.  It 
contains  also  sulphat  of  magnesia  and  sulphat  of  lime. 

When  heated,  it  decrepitates.  In  a red  heat  it  melts 
and  evaporates  in  a white  smoke  without  undergoing 
decomposition. 

ComP°**-  According  to  Bergman  it  is  composed  of 

52  acid 
43  soda 
6 water 

100  f 

According  to  the  latest  experiments  of  Kirwan,  when 
dried  in  the  temperature  of  8o°,  its  component  parts 

are 38.88  acid 

53. co  soda 
8.1 2 water 

100.00  £ 

Dccomposi-  According  to  Fpurcroy,  it  is  decomposed  by  the  fol- 
t:on*  lowing  salts  : 

1.  Sulphats  of  ammonia,  glucina,  alumina. 

2.  Sulphite  of  potass. 

3.  Nitrats  of  strontian,  lime,  ammonia,  magnesia,  glu- 

cina, alumina,  zirconia. 

4.  Phosphat  of  potass. 


* Bergman. 
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Fiuats  of  barytes  and  potass. 

6.  Borat  of  ammonia. 

7.  Carbonats  of  barytes*,  strontianf,  potass}:. 

8.  Red  oxides  of  iron  and  lead§. 

The  uses  to  which  this  salt  is  svbservieni  are  exceed- 
ingly numerous.  It  is  the  most  common  and  the  most 
useful  seasoner  of  food ; it  preserves  meat  from  putre- 
faction and  butter  from  rancidity:  it  serves  for  an  enamel 
to  the  surfaces  of  coarse  stoneware  ; it  is  an  ingredient  in 
many  processes  of  dyeing  : metallurgists  use  it  in  many 
of  their  assays.  Its  utility  in  chemistry  is  equally  exten- 
sive. From  it  alone  are  muriatic  and  oxymuriatic  acids 
obtained  ; and  from  it  also  of  late  great  quantities  of 
soda  have  been  extracted  and  introduced  with  advantage 
as  a substitute  for  the  soda  formerly  obtained  from  the 
combustion  of  vegetables. 

The  acid  is  easily  extracted  from  this  salt  by  means 
of  sulphuric  acid : but  to  obtain  the  alkali  at  a cheap 
rate  is  not  so  easy.  The  methods  which  have  hithqrto 
succeeded  may  be  reduced  to  two. 

x.  Muriat  of  soda  is  decomposed  by  means  of  some 
substance  which  has  a stronger  affinity  for  muriatic  acid 
than  soda Jhas.  The  soda  by  this  process  is  set  at  liber- 
ty, and  maybe  obtained  by  evaporation  and  crystalliza- 
tion. Barytes  and  potass  would  answer  this  purpose 
completely  \ but  unluckily  these  bodies  cannot  be  ob- 
tained sufficiently  pure,  except  at  an  expence  which 
precludes  their  employment.  There  are,  however,  three 
substances,  which  are  also  capable  of  setting  the  base  of 


* Morveau,  Ann.  de  Chim.  xxi.  1 1 2.  t Vauquelin,  Jour,  dc  Min . 

t This  seems  to  have  been  first  discovered  by  Hug«p  in  1 ?68. 
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Division  If.  common  salt  at  liberty,  and  of  furnishing  soda,  either 
* v pure  or  in  the  state  of  carbonat.  These  are  litharge , 
Kme , and  iron. 

^urge!"  When  aboi»t  four  parts  of  litharge  and  one  of  com- 
mon  salt,  properly  pounded  and  mixed,  are  macerated 
in  a little  water  for  several  hours  and  stirred  repeatedly, 
the  muriatic  acid  gradually  combines  with  the  oxide  of 
lead,  and  forms  a muriat,  while  the  soda  is  left  in  solu- 
tion, and  may  be  pbtained  separately  by  filtration  aud 
evaporation.  The  decomposition  goes  on  still  more  ra* 
pidly  if  the  mixture  be  heated  during  the  process. 

T.he  fact  that  the  red  oxide  of  lead  decomposes  mu- 
Tiat  of  soda,  which  was  first  observed  by  Scheele,  hag 
given  occasion  to  much  speculation  among  chemists- 
Jdr  Hassenfratz  endeavoured  to  account  for  it  by  sup- 
posing that  the  oxide  is  combined  with  carbonic  acid, 
and  that  therefore  if  is  a case  of  compound  affinity.  Mr 
Suraudau  has  proved  that  carbonic  acid,  instead  of  pro- 
moting, impedes  the  decomposition  ; and  that,  in  fact, 
carbonat  of  lead  ig  incapable  of  decomposing  muriat  of 
soda.  He  concludes,  therefore,  that  the  phenomenon 
cannot  be  accounted  for  by  the  commonly  received 
laws  of  affinity  *.  Vauquefin  has  proved  more  lately, 
that  the  decomposition  by  means  of  litharge  is  complete, 
provided  the  quantity  of  that  oxide  be  greater  than  that 
of  common  salt ; that  the  resulting  compound  ig  a su^mu- 
riat  of  lead  totally  insoluble  in  water,  and  which  is  not 
decomposed  by  alkalies.  Hence  he  ascribes  tfye  decom- 
position to  the  attraction  of  muriat  of  lead  for  an  excess 
Ox  oxide  f.  But  this  does  not  account  completely  for 


# Ann.  de  Cbim.  xiy.  ir,  f Ibid  xxxi.  3. 
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the  decomposition,  provided  it  be  true  that  oxide  of  lead  Chap.  m-, 
has  a weaker  affinity  for  muriatic  acid  than  soda  has. 

Berthollet  has  at  last  explained  this  apparent  anomaly 
by  proving,  that  when  two  substances  are  mixed  with  a 
third,  for  which  each  has  an  affinity,  they  divide  it  be- 
tween them  in  proportions  corresponding  to  the  quantity 
of  each : A*nd  if  the  compound  formed  by  one  of  these 
substances  with  the  third  be  insoluble,  that  substance 
combines  with  the  whole  of  the  third  body,  and  takes  it 
completely  from  the  other;  because  the  insoluble  com- 
pound being  in  fact  totally  abstracted  from  the  mixture, 
the  decomposition  and  partition  commences  again  as  at  first 
after  every  partition.  Thus  when  oxide  oflead  and  muriat 
of  soda  are  mixed  together,  the  oxide  and  alkali  divide 
the  muriatic  acid  between  them,  so  that  some  of  the 
common  salt  is  decomposed,  and  some  muriat  of  lead 
formed  immediately  after  the  mixture.  But  this  being 
in  the  state  of  submuriat , or  altogether  insoluble,  sepa- 
rates completely  from  the  rest : in  consequence  of  which 
a new  partition  of  the  muriatic  acid  between  the  oxide 
and  the  alkali  takes  place ; and  this  continues,  provided 
the  quantity  of  litharge  be  sufficient  till  the  common  salt 
is  entirely  decomposed. 

That  the  alkali  may  be  extracted  from  common  salt  %.  By  lime, 
by  means  of  lime,  may  be  considered  as  a fact  for  which 
likewise  we  are  indebted  to  Bcheele.  Cahausen  indeed 
had  hinted  at  it  in  1717  ; but  his  treatise  had  been  for- 
gotten*. Scheele  ascertained  that  a mixture  of  lime 
and  common  salt,  formed  into  a paste,  and  placed  in  a 
moist  cellar,  was  covered  with  an  efflorescence  of  soda 
in  15  daysf.  In  1782  Morveau  and  Carry  procured  a 


* See  hla  Helmontius  Extatkiu. 
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sfvhdoiTn.  Patent  ^rom  French  government  to  establish  a ma» 
-v  ■ 1 nufactory  at  Croisic  for  extracting  soda  from  common 
salt  by  means  of  lime.  Their  process  was  exactly  the 
same  with  that  of  Scheele,  only  upon  a larger  scale.  It 
does  not  appear,  however,  that  the  manufactory  was 
ever  established.  Berthollet  has  rendered  it  probable 
that  the  soda  which  is  found  abundantly  on  the  wtest  of 
Fgypt>  is  formed  naturally  by  a similar  process  #. 

S-  By  iron.  To  Scheele  likewise  we  are  indebted  for  the  discovery 
that  common  salt  may  be  decomposed  by  iron.  He  ob- 
served that  a wooden  vessel  placed  in  a cellar,  and  con- 
taining brine,  had  its  iron  hoops  covered  with  an  efflor- 
escence of  soda.  This  induced  him  to  dip  a plate  of 
iron  into  a solution  of  common  salt,  and  to  suspend  it 
in  a cellar.  After  an  interval  of  fourteen  days,  he  found 
his  iron  incrusted  with  soda  f . The  same  decomposi- 
tion takes  place  also  if  zinc  or  copper  be  substituted  for 
iron  J. 

2.  The  second  method  of  extracting  so'da  from  com- 
mon salt  is  less  direct.  It  consists  in  displacing  the  mu- 
riatic acid  by  means  of  some  other  acid,  which  may  be 
afterwards  easily  decomposed  or  displaced  in  its  turn  : 
thus  the  soda  is  left  behind  at  last  in  a state  of  purity. 
The  acids  which  have  been  made  choice  of  are  the  sul- 
phuric and  the  acetic  ; the  boracic,  phosphoric,  and 
arsenic  acids  might  indeed  be  employed,  as  they  decom- 
pose common  salt  in  a high  temperature.  The  pro- 
ducts in  that  case  would  be  borat  of  soda,  or  the  phos- 
phat,  or  arseniat,  of  the  same  base,  according  to  the 


* Ann.  df  Chim.  xxxili,  345. 

{ Athenas,  Ann.  de  Cbim.  xix.  9a. 
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acid.  These  salts  might  be  afterwards  decomposed  by  Chap.  Ht. 
means  of  lime,  and  the  soda  obtained  separate.  But 
these  acids  are  a great  deal  too  high  priced  to  admit  of 
their  employment. 

Sulphuric  acid  may  be  either  employed  in  a separate  4.  <3,1. 

state,  or  in  combination  with  bases,  when  the  salts  which  ^itsown, 
it  then  forms  can  be  procured  at  a sufficiently  cheap  pounds, 
rate.  Alum,  sulphat  of  lime,  and  sulphat  of  iron,  have 
been  respectively  employed  with  advantage  to  decom- 
pose common  salt,  and  obtain  sulphat  of  soda.  Alum 
is  said  to  have  been  first  employed  for  that  purpose  by 
Constantini,  a physician  of  Melle,  near  Osnabjjrg,  about 
1750.  The  process,  it  is  affirmed,  does  not  succeed  ex- 
cept at  a low  temperature  *.  Sulphat  of  lime  decom- 
poses common  salt  when  formed  with  it  into  balls,  and 
exposed  to  a strong  heatf.  Much  discussion  has  taken 
place  among  the  German  chemists  about  the  possibility 
of  decomposing  common  salt  by  means  of  sulphat  of 
iron.  That  sulphat  of  soda  may  be  obtained  by  expo- 
sing a mixture  of  these  two  salts  to  a strong  heat,  was 
first  announced  by  Vander  Ballen.  This  was  contra- 
dicted by  Hahneman,  but  confirmed  by  the  experiments  „ 
of  Tuhten|,  Lieblein  ||,  and  Wiegleb  §.  It  succeeded 
completely  with  the  French  commissioners  Lelievre, 

Pelletier,  Darcet,  and  Giroud,  who  were  appointed,  in 
1794,  to  examine  the  different  processes  for  obtaining 
soda  from  common  salt.  They  ascertained  also  that 
pyrites  or  supersulphuret  of  iron  may  be  employed  for 
the  same  purpose  ^J. 


* Jour,  de  Min.  No.  iii.  p.  55. 
f Malherbe  and  Athenas,  Ann.  dc  Chim.  xix. 

| Crell’s  dnnalt,  1790,  ii.  406.  [|  Ibid.  p.  509. 
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After  obtaining  the/ulphat  of  soda,  it  is  necessary  to 
expel  the  acid  in  order  to  procure  the  soda  separately. 
This  is  accomplished  by  calcining  the  salt  mixed  with 
a certain  portion  of  charcoal  or  of  pitcoal.  By  this  pro- 
cess it  is  converted  into  siilphuret  of  soda,  and  the  sul- 
phur may  be  abstracted  by  the  intervention  of  iron  or 
chalk.  When  the  sulphuret  of  soda  is  nearly  in  fusion, 
ftmall  bits  of  iron  (the  parings  of  tinplate  answer  best) 
are  thrown  in  gradually  in  sufficient  quantity  to  decom- 
pose the  sulphuret.  Ihe  fire  is  raised  till  the  mixture 
melts.  The  iron,  having  a stronger  affinity  for  the  sul- 
phur, combines  with  it  and  leaves  the  soda,  which  may 
be  separated  by  solution  in  water,  filtration,  and  evapo- 
ration *.  Carbonat  of  lime  may  be  employed  also  for 
the  same  purpose  f . 

Some  chemists  have  proposed  to  decompose  common 
salt  by  means  of  acetat  of  lead,  using  eitherthe  acetat 
of  commerce,  or  one  formed  on  purpose,  by  combining 
litharge  with  the  acid  liquor  obtained  by  distilling  wood. 


The  acetat  of  soda  formed  by  mixing  common  salt  with 
these  acetats  is  afterwards  calcined,  in  order  to  decom- 
pose and  expel  the  acetic  acid.  But  these  salts  are  too 
iiigh  priced  to  be  employed  with  advantage  to  extract 
soda  from  common  salt. 


Sp.  4.  Muriat  of  Strontian. 

This  salt  was  first  examined  by  Dr  Hope  J.  It  wa#i 
afterwards  described  by  Pelletier  and  Vauquelin 


* Alban,  Ann.  de  Chtm.  xix.  77. — The  process  was  discovered  by  Mai' 
herbe.  See  Jour,  de  Min.  No.-  lii.  p.  67 . 
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$ Joar.  de  Min,  A a.  vL  IX. 


muriats. 


It  may  be  prepared  by  dissolving  carbonat  of  stron- 
tian  in  muriatic  acid,  or  by  decomposing  sulphuret  of 
strontian  by  means  of-  that  acid.  The  solution  is  then 
to  be  evaporated  to  a proper  consistence,  in  order  to  ob- 
tain the  muriat  in  crystals. 

Its  crystals  are  very  long,  slender,  hexagonal  prisms. 
It  has  a peculiar,  sharp,  penetrating  taste.  Its  specific 
gravity  is  1.4402  *. 

Three  parts  of  these  crystals  are  soluble  in  two  parts 
of  water  at  the  temperature  of  6o°.  Boiling  water  dis- 
solves any  quantity  of  them  whatever.  They  are  solu- 
ble also  in  alcohol,  and  give  its  flame  a purple  tinge. 

They  suffer  no  change  when  exposed  to  the  air  except 
it  be  very  moist ; in  which  case  they  deliquesce. 

When  heated,  they  first  undergo  the  watery  fusion, 
and  are  then  reduced  to  a white  powder.  A very  violent 
heat  decomposes  this  salt. 

Muriatic  acid  precipitates  this  salt  from  its  solution 
in  water.  That  acid,  therefore,  has  a stronger  affinity 
for  water  than  the  salt  has  f. 

According  to  Bergman,  it  is  composed  of 
23.6  acid 
36.4  strontian 
40.0  water 


100.0 
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According  to  Kirwan,  it  contains,  when  in  the  state  of 
crystals,  ...  18  acid 

40  strontian 
42  water 


100 


* Has*en£ratZ,  Ann.  dc  Cbim.  xxviii.  II. 
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Division  n dried,  its  component  parts,  according  to  the  same 

— v— ' philosopher,  are  31  acid 


69  strontian 


100  # 


Properties. 


Muriat  of  strontian,  according  to  Vauquelin  and 

Fourcroy,  is  decomposed  by  the  following  salts  : 

1.  Sulphats  of  potass,  soda,  lime,  ammonia,  magnesia, 
glucina,  alumina,  zircon ia. 

-2.  Sulphites  of  barytes,  potass,  soda,  ammonia,  glucina, 
zirconia. 

.3.  Nitrats  of  lime,  ammonia,  magnesia,  glucina,  alumi- 
na, zirconia. 

4.  Phosphats  of  barytes,  potass,  soda,  ammonia. 

5.  Borats  of  potass,  soda,  and  also  borax. 

6.  Carbonats  of  potass,  soda,  ammonia. 

This  salt  has  not  hitherto  been  applied  to  any  use. 


This  salt  has  been  long  known  to  chemists.  It  was 
formerly  called  fixed  ammoniac , because  it  was  com- 
monly obtained  by  decomposing  sal  ammoniac  by  means 
of  lime. 

It  is  usually  prepared  by  dissolving  carbonat  of  lime 
in  muriatic  acid,  and  evaporating  the  solution  till  it 
crystallizes. 

Its  crystals  are  six-sided  striated  prisms,  terminated 
by  very  sharp  pyramids. 

Its  taste  is  very  bitter.  Its  specific  gravity  is 


Sp.  5.  Muriat  ofi  Lime. 


• Nicholson’s  ’Journal,  iii.  216. 
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It  is  soluble  in  about  half  its  weight  of  Cold  water, 
and  still  more  soluble  in  boiling  water.  It  is  diffi- 
cult to  obtain  regular  crystals  from  this  solution,  in 
consequence  of  the  great  solubility  of  the  salt  in  hot 
water.  If  the  evaporation  be  carried  a little  too  far, 
the  whole  assumes  on  cooling  the  form  of  a very  hard 
white  mass  : on  the  other  hand,  if  it  be  not  carried  far 
enough,  no  crystals  are  formed  at  all.  Mr  Walker  has 
ascertained,  that  when  the  evaporation  is  carried  on  till 
the  specific  gravity  of  the  solution  is  1.450  at  the  tem- 
perature of  8o°>  it  crystallizes  when  exposed  to  an  at- 
mosphere whose  temperature  is  320  : when  its  specific 
gravity  at  8o°  is  1.490,  it  assumes  on  cooling  the  form 
of  a hard  pearl-coloured  mass  *. 

When  this  salt  is  exposed  to  the  air,  it  attracts  mois- 
ture very  speedily,  and  deliquesces. 

When  exposed  to  the  action  of  heart,  it  swells  up, 
melts,  and  then  loses  its  water  of  crystallization.  A 
violent  heat  separates  a small  portion  of  its  acid  When 
thus  reduced  to  a submuriat,  it  has  the  property  of  shi- 
ning in  the  dark,  as  Homberg  first  observed  : Hence  it 
has  been  called  the  phosphorus  of  Homberg. 

According  to  Bergman  it  is  composed  of 

31  acid 
44  lime 
ay  water 

IOO  f 
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According  to  Kirwan,  after  having  been  dried  in  a red 
heat,  its  component  parts  are,  42  acid 

50  lime 
8 water 

100  * 

According  to  Fourcroy,  it  is  decomposed  by  the  fol- 
lowing salts  : 

1.  Sulphatsof  potass,  soda,  ammonia,  magnesia,  glucina, 

alumina,  zirconia. 

2.  Sulphites  of  potass,  soda,  ammonia,  glucina,  alumina, 

zirconia. 

3.  Nitrats  of  ammonia,  magnesia,  glucina,  alumina,  zir- 

conia. 

4.  Phosphats  of  barytes,  strontian,  potass,  soda,  ammo- 

nia. 

5. Fluatsof  barytes,  strontian,  magnesia,  potass,  soda, 

ammonia. 

6.  Borats  of  barytes,  strontian,  potass,  soda,  ammonia. 

7.  Carbonats  of  potass,  soda,  and  ammonia. 

This  salt  is  now  employed  with  great  advantage  in 
procuring  artificial  cold. 

Sp.  6.  Muriat  of  Ammonia .' 

This  salt  was  known  to  the  ancients,  and  was  called 
by  them  sal  ammoniac , because  it  was  found  in  great 
quantities  near  the  Temple  of  Jupiter  Ammon  in  Afri- 
ca -f.  Its  composition  was  first  pointed  out  by  Geof- 
froy  junior  in  1716  and  1723  and  afterwards  more 

precisely  by  Duhamel  in  1735  For  many  years  the 


* Nicholson’s  Journal,  iii.  %l£. 

I Pliny,  lib.  XXXI.  c.  7.  f Mem.  Per.  § Ibid. 
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whole  of  the  sal  ammoniac  used  in  Europe  was  import- 
ed from  Egypt-  In  that  country  the  greater  part  of  the 
fuel  Consists  of  the  dung  of  their  cattle  formed  into  balL 
and  dried.  These  excrementitious  matters  seem  to 
contain  muriat  of  soda,  or  rather  muriat  of  ammonia 
ready  formed  ; owing  perhaps  to  the  saline  matters  on 
which  the  animals  feed.  The  soot'  formed  during  the 
combustion  of  this  fuel  is  carefully  collected  and  put  in- 
to large  glass  bottles,  which  are  exposed,  in  furnaces 
constructed  on  purpose,  to  a pretty  strong  heat.  The 
sal  ammoniac  gradually  sublimes,  and  attaches  itseif  to 
the  upper  part  of  the  bottles,  where  it  forms  a cake  of 
some  inches  in  diameter.  Though  this  process  was 
communicated  to  the  Academy  of  Sciences  in  1 7 1 S?  by 
Lemere,  French  consul  at  Cairo,  it  was  a considerable 
time  before  the  chemists  in  Europe  thought  of  imitating 
it,  or  of  preparing  sal  ammoniac  themselves.  The  first 
manufactory  in  Germany  was  begun  by  Gravenhorst  in 
1759  *.  Soon  after  it  was  made  in  France  by  Beaume, 
and  in  Scotland  by  Dr  Hutton. 

The  processes  most  commonly  followed  in  Europe 
have  been,  1.  To  form  a sulphat  of  ammonia;  to  mix 
that  salt  with  muriat  of  so.da ; and  to  expose  the  mix- 
ture to  a heat  sufficient  to  sublime  the  muriat  of  am- 
monia. The  ammonia  is  usually  obtained  by  the  distil- 
lation of  animal  substances,  or  from  soot.  2.  To  de- 
compose muriat  of  lime  by  means  of  ammonia.  3.  To 
combine  muriatic  acid  directly  with  ammonia,  and  to 
sublime. 

Sal  ammoniac  is  usually  in  the  form  of  a hard  elastic 
cake  ; but.  by  solution  in  water,  and  proper  evaporation, 
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it  may  be  obtained  In  crystals.  The  primitive  form  of 
these  crystals  Is,  according  to  Hauy,  the  octahedron  ; 
and  that  of  its  integrant  particles,  the  tetrahedron  : But 
it  crystallizes  most  frequently  in  long  four-sided  pyra- 
mids. It  often  assumes  the  form  of  plumose  crystals » 
the  individual  crystals  of  which  are  long  hexahedral  py- 
ramids. Its  specific  gravity  is  1.420*. 

It  has  an  acrid,  pungent,  urinous  taste. 

It  dissolves  in  about  three  times  its  weight  of  water 
at  the  temperature  of  6o°,  and  in  a much  smaller  quan- 
tity of  boiling  water. 

In  its  common  form  (which  is  an  opaque  mass)  it  is 
not  affected  by  the  air,  but  its  crystals  are  liable  to  deli- 


quesce. 

"When  heated,  it  sublimes  without  decomposition  in 
the  form  of  a white  smoke,  which  exhales  a peculiar 
odour. 

When  this  salt  is  sublimed  with  gold  leaf,  there  i$ 
found  in  the  neck  of  the  retort  an  amethyst-coloured 
matter,  bordering  on  purple,  soluble  in  water,  and  form- 
ing a purple  solution.  When  filtered,  there  remains 
behind  a purple  powder.  This  gait  seems  from  this  to 
be  capable  of  oxidizing  gold  f. 

Cpmposi-  According  to  Kirwan,  whether  it  be  sublimed,  or  in 
the  state  of  crystals,  its  component  parts  are  as  follows ; 

42.75  acid 
25.00  ammonia 
32.25  water 


Jtcc.oo  | 


* Kirwan.  f Storr,  Crcll’s  New  Dhsoveriu,jk.c.  Part  ii,  p.  41, 
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It  is  decomposed,  according  to  Fourcroy,  by  the  fol- 
lowing  salts  : 

1.  Sulphats  of  glucina,  alumina,  zirconia. 

2.  Sulphites  of  potass,  soda. 

3.  Nitrats  of  glucina,  alumina,  zirconia. 

4.  Phosphats  of  potass,  soda. 

5.  Fluats  of  barytes,  potass,  soda. 

6.  Borats  of  potass,  soda. 

7.  Carbonats  of  potass,  soda. 

This  salt  is  applied  to  a great  variety  of  purposes.  It 

is  from  it  that  pure  ammonia  is  usually  extracted.  A 
Considerable  portion  of  sal  ammoniac  is  consumed  by 
the  dyers,  and  perhaps  a still  greatej  quantity  by  cop- 
persmiths, &c.  who  employ  it  to  prevent  the  oxidation 
of  the  surface  of  the  metals  which  they  are  covering 
with  tin. 

Sp.  7.  Muriat  of  Magnesia. 

Though  this  salt  abounds  in  several  mineral  waters, 
it  was  confounded  with  muriat  of  lime,  and  of  course 
unknown  till  Dr  Black  pointed  out  the  difference  be- 
tween these  salts. 

It  is  usually  prepared  by  dissolving  carbonat  of  mag- 
nesia in  muriatic  acid,  and  evaporating  the  solution  tp 
a proper  consistency. 

It  is  not  easily  crystallized.  Bergman’s  method  w3e  Properties, 
to  evaporate  it  by  a considerable  heat  to  the  proper  de- 
gree of  concentration,  and  then  to  expose  it  to  a sud- 
den cold.  By  this  method  he  obtained  it  in  smtiU 
needles*.  Its  specific  gravity  is  1.601  f. 


Decomposi- 

tion. 


* Bergman,  i.  382. 
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It  has  a very  bitter  taste.  It  is  soluble  in  its  own 
weight  of  water*,  and  in  five  parts  of  alcohol f. 

A saturated  solution  of  it  quickly  forms  a jelly ; on 
which,  if  hot  water  be  poured,  spongy  masses  are  form- 
ed not  even  soluble  in  muriatic  acid  J. 

It  deliquesces  very  speedily  when  exposed  to  the 
air. 

A strong  heat  decomposes  it.  When  dried  in  a high 
temperature,  it  is  very  caustic  §. 

According  to  Bergman,  it  is  composed  of 
34  acid 
4 1 magnesia 
25  water 

100 1|. 

According  to  Kirwan,  when  evaporated  to  dryness, 
its  component  parts  are,  34.59  acid 

31.07  magnesia 
34.38  water 

• . 

100.04  *[ 

It  is  decomposed,  according  to  Fourcroy,  by  the  fol- 
lowing salts : 

1.  Sulphats  of  ammonia,  glucina,  alumina,  zirconia. 

2.  Sulphites  of  potass,  soda,  ammonia. 

3.  Phosphats  of  potass,  soda,  ammonia. 

4.  Fluats  of  strontian,  soda. 

5.  Borats  of  potass,  soda,  ammonia. 

6.  Carbonats  of  potass,  soda,  ammonia. 

This  salt  has  not  been  applied  to  any  use. 


* Fourcroy, 

4 Bergman,  Ibid, 
jj  Of  use.  i.  136. 


f Bergman,  i.  382. 

§ Westrum,  Ann.  de  Cbm.  ii.  135, 
^ Nicholson’s  Journal,  ili.  3IJ. 
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Sp.  8.  Muriat  of  Ammonia-and- Magnesia. 

This  salt  was  first  mentioned  by  Bergman  in  1775*. 
It  was  afterwards  described  more  particularly  by  bour- 
croy  in  1790  b. 

It  may  be  prepared  by  mixing  together  solutions  erf 
muriat  of  ammonia  and  muriat  of  magnesia,  or  by  ad- 
ding ammonia  to  the  muriat  of  magnesia  with  excess  of 
acid,  and  evaporating. 

Its  crystals  are  so  exceedingly  small  and  irregular, 
that  their  figure  has  not  been  determined. 

Its  taste  is  bitter  and  ammoniacal.  It  is  soluble  in 
about  six  parts  of  cold  water,  and  in  a smaller  propor- 
tion of  boiling  water.  It  is  but  little  altered  by  expo- 
sure to  the  air.  Heat  decomposes  it. 

According  to  Fourcroy,  it  is  composed  of 
27  muriat  of  ammonia 
73  muriat  of  magnesia 

1 00  b 

Hitherto  it  has  been  applied  to  no  use. 

Sp.  9.  Muriat  of  Glucina. 

This  salt  has  only  been  examined  by  Vauquelin;  and 
little  more  is  known  at  present  concerning  its  proper- 
ties than  that  it  resembles  nitrat  of  glucina,  but  is  more 
easily  crystallized.  When  dissolved  in  weak  alcohol,  it 
forms  an  agreeably  sweet  liquid. 
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* Opvic.  i.  370. 

$ Fourcroy,  iiji.  208. 
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£>/>■  io.  Muriat  of  Tttria. 

This  salt  has  been  examined  by  Eckeberg*,  Vau, 
quelinf,  and  Klaproth  J.  It  has  a strong  resemblance 
to  the  nitrat  of  yttria.  Like  that  salt,  it  dries  with  dif- 
ficulty, melts  in  a gentle  heat,  and  attracts  moisture  ve- 
ry rapidly  from  the  atmosphere.  It  does  not  crystal- 
lise, but  runs  into  a gelly. 


Sp.  II.  Muriat  of  Alumina. 

This  salt  was  first  described  by  Macquer  and  Mar- 
graft.  Its  properties  have  been  but  little  examined. 

It  is  prepared  by  dissolving  alumina  in  muriatic  acid: 
It  is  always  in  the  state  of  a supermuriat. 

It  is  scarcely  possible  to  obtain  it  in  the  form  of  cry- 
stals ; it  is  usually  either  gelatinous,  or  in  the  state  of 
white  powder. 

Properties-  ^ *s  exceedingly  soluble  in  water.  When  dried,  it 
very  soon  attracts  moisture  from  the  air,  and  deli- 
quesces. 

When  heated,  it  melts  and  loses  its  acid,  while  the 
alumina  remains  behind  in  a state  of  purity. 

The  proportion  of  its  component  parts  has  not  been 
ascertained. 

Dtcomposi-  According  to  Fourcroy,  it  is  decomposed  by  the  fol- 
lowing  salts : 

1.  Sulphats  of  ammonia,  zirconia. 

2.  Sulphites  of  soda,  strontian,  ammonia,  magnesia,  glu- 

cina. 


* Crell’s  Annals , 1789,  ii.  70. 
1 Bfitrage,  iii,  69. 


f Ann.  dc  C&im.  sxxvi,  157. 
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3.  Nitrat  of  zirconia. 

4.  Phosphats  of  potass,  soda,  ammonia,  glucina. 

5.  Fluats  of  barytes,  strontian,  magnesia,  potass,  soda. 


Chap.  1IL 


ammonia. 

6.  Borats  of  magnesia,  potass,  soda,  ammonia. 

•j . Carbonats  of  lime,  potass,  soda,  magnesia,  ammonia* 
This  salt  has  not  hitherto  been  applied  to  any  use  ; 
unless  perhaps  it  may  be  formed  during  some  of  the 
processes  employed  for  dyeing. 


Sp.  j 2.  Muriai  of  Zirconia. 


This  salt  was  first  examined  by  Klaproth:  It  was  Properties, 
•afterwards  described  more  particularly  by  Vauquelin. 

It  is  easily  foimed  by  pouring  muriatic  acid  on  new- 
ly precipitated  zirconia.  It  is  colourless  ; its  taste  i$ 
very  astringent:  by  evaporation  it  furnishes  small  trans- 
parent crystals  in  needles,  which  lose  their  transparence 
in  the  air.  Muriat  of  zirconia  is  very  soluble  in  wa- 
ter and  in  alcohol ; to  the  flame  of  which  it  does  not 
communicate  any  particular  colour.  Heat  decomposes 
it ; and  it  is  decomposed  likewise  by  the  saliva  whep 
taken  into  the  mouth. 

When  muriat  of  zirconia  contains  a little  silica,  it 
forms  cubic  crystals  withopt  consistence,  and  resem- 
bling a jelly.  These  crystals,  when  exposed  to  the  air, 
gradually  lose  their  transparency,  and  diminish  in  vo- 
lume, and  there  are  formed  in  the  middle  of  the  salt 
white  silky  needle-shaped  crystals. 

Muriat  of  zirconia  is  decomposed  by  sulphuric  acid; 
part  of  the  sulphat  precipitates,  and  part  remains  dis- 
solved in  the  muriatic  acid.  W7ben  this  acid  is  drivep 
off  by  heat,  the  remainder  of  the  sulphat  is  gradually 
deposited  : if  the  evaporation  be  stopped  before  the 
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mass  be  reduced  to  dryness,  it  forms  a kind  of  jelly 
when  cold.  It  is  also  decomposed,  by  the  phosphoric, 
citric,  tartaric,  oxalic,  and  saccolactic  acids,  which  form 
with  zirconia  insoluble  compounds  that  precipitate  in 
udhite  flakes. 


Action  of  The  gallic  acid  poured  into  muriat  of  zirconia  pro- 
gallic  a. id.  ^uces  a white  precipitate  ; but  a green,  bordering  on 
grey,  if  the  zirconia  contain  iron  ; and  this  last  preci- 
pitate becomes,  when  dry,  of  a bright  black  colour,  and 
resembles  China  ink.  The  liquid  preserves  a greenish 
colour  : new  portions  of  gallic  acid  produce  no  farther 
precipitation  *,  but  carbonat  of  ammonia  separates  in 
great  abundance  a flaky  matter  of  a purplish  colour, 
not  unlike  that  of  the  leys  of  wine.  From  these  ex- 
periments it  follows,  that  gallic  acid  has  a greater  af- 
finity for  zirconia  than  muriatic  acid  has  ; and  that 
the  gallats  of  zirconia  and  iron  are  soluble  in  muriatic 
acid. 

Carbonat  of  potass  decomposes  muriat  of  zirconia, 
and  part  of  the  carbonic  acid  combines  with  the  earth, 
and  renders  it  easily  soluble  in  acids  though  dried. 

Carbonat  of  ammonia  occasions  a precipitate,  which 
is  mostly  dissolved  by  adding  more  carbonat. 

Prussiat  of  mercury  produces  an  abundant  precipi- 
tate, which  is  soluble  in  muriatic  acid-,  and  which  con- 
sequently is  not  muriat  of  mercury. 

A plate  of  zinc,  introduced  into  a solution  of  muriat 
of  zirconia,  occasions  a slight  effervescence  ; the  liquor 
becomes  milky,  and  in  a few  days  assumes  the  form  of 
a white  semitransparent  jelly. 

Alumina  decomposes  muriat  of  zirconia  with  the  as- 
sistance of  a slight  heat ; the  alumina  dissolves,  the  li- 
quor becomes  milky,  and  assumes  the  form  of  a jelly. 
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When  the  muriat  contains  iron,  it  remains  in  the  solu-  chaP- I1L. 
tion,  and  the  precipitated  zirconia  is  quite  pure.  Here, 
then,  is  a method  of  freeing  zirconia  from  iron  . 
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These  salts  were  first  made  known  to  the  \vorld  by 
Scheele  in  177 if,  and  succeeding  chemists  have  done 
little  more  than  repeat  and  confirm  his  experiments. 

Fluats  may  be  distinguished  by  -the  following  proper- 
ties : 

1.  When  sulphuric  acid  is  poured  upon  them,  they  Characters, 
emit  acrid  vapours  of  fluoric  acid,  which  have  the  pro- 
perty of  corroding  glass. 

2.  When  heated,  several  of  them  phosphoresce. 

3.  Not  decomposed  by  heat,  nor  altered  by  combus- 
tibles. ' 

4.  Combine  readily  with  silica  by  means  of  heat. 

Most  of  them  are  but  sparingly  soluble  in  water ; 

but  their  properties  have  been  but  imperfectly  exami-  t 
ned. 

Sp.  I.  Fluat  of  Lime. 

This  salt  exists  abundantly  native.  It  is  from  it  in- 
deed that  fluoric  acid  is  always  extracted. 

It  is  found  frequently  crystallized.  The  primitive  properties, 
form  of  its  crystals,  according  to  Hauy,  is  the  octahe- 
dron, but  it  occurs  more  frequently  in  cubes ; some- 
times the  angles,  and  sometimes  the  edges  of  these  cubes, 


* Vauquelin,  Ann.  dc  dim.  xzii.  aor. 
+ Scheele,  i,  a6. 
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are  truncated.  The  form  of  its  integrant  particles  is 
the  regular  tetrahedron.  • 

This  salt  has  no  taste.  Its  specific  gravity  is  3.15. 
It  is  insoluble  in  water,  and  not  altered  by  expbsure  to 
the  air. 

When  heated,  it  decrepitates  and  phosphoresces 
strongly  in  the  dark.  It  emits  this  light  even  under 
water,  or  in  the  vacuum  of  an  air-pump.  When  kept 
hot  for  some  time,  it  ceases  to  shine,  and  the  phospho- 
rescent property  cannot  be  again  restored  to  it  by  any 
process  known,  except  by  decomposing  it  altogether  by 
means  of  sulphuric  acid,  aitd  forming  it  anew.  Scheele 
ascertained  that  new  formed  fluat  of  lime  is  equally 
phosphorescent  with  native.  The  cause  of  this  curious 
property  is  not  well  understood.  After  being  heated, 
the  salt,  though  it  refuses  to  phosphoresce  any  more, 
has  not  lost  any  perceptible  weight,  nor  is  it  altered  in 
any  of  its  other  qualities.  When  strongly  heated,  fluat 
of  lime  melts  into  a transparent  glass.  According  to 
Saussure,  this  takes  place  at  the  temoerature  of  31 9 
Wedge  wood  *. 

It  is  decomposed  by  the  following  salts  : 

2.  Carbonats  of  potass,  soda. 

2.  The  greater  number  of  the  phosphats. 

Sp.  2.  Iluat  of  Barytes. 

This  salt,  as  Bergman  informs  us,  may  be  formed 
by  pouring  fluoric  acid  into  nitrat  or  muriat  of  barytes. 
Fluat  of  barytes  precipitates  in  the  form  of  a white 
powder,  which  requires  a considerable  proportion  of 
water  to  dissolve  it. 


* Jour,  de  Pbys.  xlv.  lC.‘ 
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Sj>.  3.  Fluat  of  Strontian. 


clip.  in. 


This  salt  was  formed  by  Dr  Hope;  but  its  proper- 
ties have  not  been  examined. 


Sp.  4.  Fluat  of  Magnesia. 

This  salt  may  be  formed  by  dissolving  carbonat  of 
magnesia  in  fluoric  acid.  The  salt  precipitates  in  * 
great  measure  as  the  saturation  approaches. 

It  is  not  soluble  in  water  except  there  be  an  excess 
of  acid.  In  that  case,  by  spontaneous  evaporation,  it 
forms  hexagonal  prisms,  terminated  by  a low  pyramid 
composed  of  three  rhomboidal  sides. 

These  crystals  are  hardly  soluble  in  water.  Alcohol 
dissolves  a small  portion  of  them.  Heat  does  not  de- 
compose them;  nor  are  they  decomposed  by  any  acid*. 


Sp.  5.  Fluat  of  Potass. 

This  salt  may  be  prepared  by  saturating  fluoric  acid 
with  potass.  It  does  not  crystallize,  but  forms  a gela- 
tinous mass  almost  without  taste,  which  attracts  mois- 
ture from  the  air. 

It  dissolves  readily  in  water.  When  exposed  to  the 
fire  it  melts  without  any  ebullition  f. 

Sp.  6.  Fluat  of  Potass-and- Silica. 

When  fluoric  acid  is  obtained  by  the  common  process 
in  glass  vessels,  it  is  always  combined  with  a portion 
of  silica.  If  into  this  impure  acid  a quantity  of  potass, 
or  the  carbonat,  sulphat,  nitrat,  or  muriat  of  that  al- 


* Bergman,  i.  384. 


f Schccle  on  Fluor,  i.  26. 
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Divisions'll  (^roPt>  a gelatinous  precipitate  immediately  ap. 

v ' pears,  which,  when  dried,  becomes  white  like  chalk, 

and  separates  into  small  loose  grains  like  the  sand  of  an 
hour-glass.  This  powder  is  a combination  of  fluoric 
acid,  silica,  and  potass.  Its  nature  was  first  ascertained 
by  Scheele. 

It  has  an  acid  taste,  and  is  soluble  in  about  150  parts 
of  boiling  water ; but  is  again  partly  deposited  as  the 
solution  cools.  When  strongly  heated,  it  melts  into  a 
transparent  glass,  and  loses  its  acid  *. 

Mr  Scheele  has  shewn,  that  a similar  triple  salt  may 
-be  formed  by  using  soda,  or  the  salts  containing  soda, 
instead  of  potass. 

Lime  also  is  capable  of  combining  with  these  triple 
salts,  and  forming  with  them  quadruple  salts  composed 
of  fluoric  acid,  silica,  fixed  alkali,  and  limef. 

Sp.  7.  Fluat  of  Soda. 

This  salt  may  be  formed  by  saturating  fluoric  acid 
with  seda.  When  the  solution  is  evaporated  till  a pel- 
licle forms  on  its  surface,  it  yields  on  cooling  small  cu- 
bic crystals  of  fluat  of  soda.  These  crystals  have  a bit- 
ter and  astringent  taste;  they  do  not  deliquesce  in  the 
air,  and  are  but  sparingly  soluble  in  water.  Before 
the  blow-  pipe  they  decrepitate,  and  melt  into  a trans- 
parent globule:}:. 

Sp.  8.  Fluat  of  Ammonia. 

This  salt  may  be  prepared  by,  saturating  fluoric  acid 
with  ammonia.  The  solution  yields  by  evaporation 


* Scheele,  Crell’s  Annals,  i.  214.  Engl.  Tranel. 
} Fourcroy,  iii.  306. 
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Small  crystals  of  fluat  of  ammonia.  When  heated,  it 
sublimes  in  the  state  of  superfluat. 

It  is  decomposed  by  the  following  salts : 

1.  Nitrat  and  muriat  of  lime,  and  sulphat  of  magnesia, 

2.  Nitrats  of  mercury,  silver,  lead*. 


Sp.  9. 


Fluat  of  Am  mo  ni a- and-  m ague  sia. 


This  salt  has  been  formed  by  Fourcroy,  but  its  pro- 
perties have  not  been  examined. 


Sp.  10.  and  11.  Fluats  of  Glucina  and  Yttria. 

Unknown. 

Sp.  1 2.  Fluat  of  Alumina. 

This  salt  does  not  crystallize;  but  assumes,  when  e- 
vaporated,  the  consistence  of  a jelly.  Its  taste  is  astrin- 
gent, and  it  contains  always  an  excess  of  acid.  This 
salt  has  been  lately  discovered  native,  combined  with 
soda. 


* 


Sp.  13.  Fluat  of  Zirconia. 

Unknown. 

Sp.  14.  Fluat  of  Silica . 

Fluoric  acid,  when  obtained  by  the  usual  process 
in  glass  vessels,  contains  always  a portion  of  silica,  and 
forms  therefore  in  reality  a superfluat  of  that  earth.  If 
this  solution  be  allowed  to  remain  for  a considerable 
time  in  a vessel  not  completely  shut,  it  deposites  small 
brillfant,  transparent,  rhomboidal  crystals.  These  Four- 


Vo L.  II. 


* Scheelc.  i.  28, 

X 


333 

Book  II. 
Division  II. 


Characters. 


SALTS. 

croy  has  ascertained  to  be  fluat  of  silica.  The  acid 
may  be  separated  by  means  of  heat,  and  by  concentra- 
ted acid.  This  salt  is  soluble  in  alkalies,  and  forms 
with  them  triple  salts*.  The  silica,  which  precipitates 
when  fluoric  acid  prepare  ! in  glass  vessels  is  absorbed 
by  water,  retains  some  of  that  acid  even  after  it  has 
been  dried. 


Genus  III.  Borats. 

Though  some  of  these  salts  have  been  long  known, 
and  one  of  them  has  been  in  general  use  for  many  years, 
their  nature  is  still  but  imperfectly  understood,  because 
they  have  been  but  superficially  examined.  Fourcroy 
is  the  only  chemist,  if  we  except  Bergman,  who  has  at- 
tempted ,a  description  of  them.  They  may  be  distin- 
guished by  the  following  properties: 

1.  Before  the  blow-pipe  they  melt  into  a glass. 

2.  When  their  concentrated  solutions  are  boiled  with 
sulphuric  acid,  and  allowed  to  cool,  brilliant  scales  of 
boracic  acid  are  deposited. 

3.  They  are  not  altered  by  combustible  bodies. 

4.  With  most  metallic  oxides  they  enter  into  fusion, 
and  form  globules  of  cotoured  glass. 

Sp.  1.  Bor  at  of  Linu. 

This  salt  may  be  formed  by  mixing  together  lime- 
water  and  the  aqueous  solution  of  boracic  acid,  or  by 
boiling  together  lime  and  pure  borax  in  water.  In  ei- 
ther case,  the  borat  of  lime  precipitates  in  the  state  or 


* Fourcroy,  iii  3x1. 
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a white  powder,  tasteless,  and  difficultly  s-oluble  in  wa-  . chaP-  nI- 
tsr  * . 


Sp.  2.  Borat  of  Barytes. 

An  insoluble  white  powder,  which  has  scarcely  been 
examined,  formed  by  the  same  process  as  borat  of  lime. 

Sp.  3.  Borat  of  Strcntian. 

This  salt  has  only  been  formed  by  Dr  Hope.  It  is 
a white  powder,  soluble  in  about  130  parts  of  boiling 
water.  The  solution  turns  the  syfup  of  violets  greenf. 

It  is  therefore  in  the  state  of  a sub-borat. 

Sp.  4.  Borat  of  Magnesia. 

Bergman  formed  this  salt  by  dissolving  magnesia  in 
boracic  acid.  The  solution  proceeded  slowly;  and  on 
evaporation,  the  salt  was  precipitated  in  small  irregular 
crystals.  It  is  soluble  in  acetic  acid.  Alcohol  decom- 
poses it.  It  melts  easily  in  the  fire  without  being  de- 
composed %.  This  salt  has  been  found  native  in  the 
mountain  of  Kalkberg  near  Luneburg  in  Germany.  It 
was  first  analysed  by  Westrum  in  1788. 

It  is  in  the  form  of  transparent  or  opaque  white  crys-  Found  na« 
tals,  consisting  of  cubes,  having  their  edges  and  four  of 
their  angles  truncated.  It  is  so  hard  as  to  scratch  glass, 
and  to  strike  fire  with  steel.  Its  specific  gravity  is 
2.566.  When  headed,  it  becomes  electric  ; and  what  is 
singular,  the  truncated  angles  are  always  positively  c- 
lectric,  while  the  opposite  entire  ones  are  negative  §. 


* Bergman,  iii.  363.  f Hope,  Ed'in.  Trans,  iv.  17. 

1 Bergman,  i.  386.  § Hauy,  Ann.  dc  Ctim.  ijc.  ?(>. 
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These  crystals  are  insoluble  in  water,  and  not  altered 
by  exposure  to  the  air.  When  heated,  they  decrepi- 
tate : in  a red  heat  they  lose  their  lustre,  but  do  not 
sensibly  dimhiish  in  weight.  In  a white  heat  they  lose 
0.005  of  tlie>r  weight.  When  exposed  to  the  action  of 
a very  violent  heat,  they  melt  into  a yellow-coloured 
glass. 

According  to  Westrum,  they  are  composed  of 

73.5  acid 

14.6  magnesia 

1 1.9  lime 

100.0 

Hence  the  salt  was  considered  as  a triple  compound 
of  boracic  acid,  lime,  and  magnesia  ; but  Vauquelin  has 
shewn,  that  the  lime  is  foreign,  and  that  the  mineral  is 
borat  of  magnesia  *. 

Sj>.  5.  Borat  of  potass . 

This  salt,  which  was  first  formed  by  Baron,  is  very 
little  known.  It  may  be  prepared  by  calcining  a mix- 
ture of  boracic  acid  and  nitre.  The  heat  drives  off  the 
nitric  acid,  and  leaves  a white  saline  mass,  which,  when 
dissolved  in  water,  yields  crystals  of  borat  of  potass.  It 
is  capable  of  combining  with  an  excess  of  base,  and 
forming  a sub-borat  of  potass. 

Sp.  6.  Borat  of  Soda . 

1 his  salt,  which  may  be  formed  by  saturating  borax 
with  boracic  acid,  has  never  been  examined.  Bergman 


Book  II. 
Division  II. 


Nicholson,  ii.  ijo,  Second  Scries 


BORATS. 


341 


informs  us,  that  about  half  its  weight  of  boracic  acid  is 
necessary  to  saturate  borax  *.  Its  specific  gravity  is 
*-35i  f. 

Sj).  7.  Sub-borat  of  Soda  or  Borax. 

This  salt,  the  only  one  of  the  borats  which  has  been 
accurately  examined,  is  supposed  to  have  been  known 
to  the  ancients,  and  to  be  the  substance  denominated 
cbrysocolla  by  Pliny.  At  any  rate,  it  is  mentioned  by 
Geber  as  early  as  the  ninth  century  under  the  name  of 
borax.  Its  composition  was  first  pointed  out  by  Geof- 
froy  in  1732,  and  Baron  in  1748.  Bergman  was  the 
first  who  demonstrated  that  ithasan  excess  of  base,  and 
is  therefore  in  the  state  of  a sub-borat. 

This  salt  is  brought  from  the  East  Indies  in  an  im- 
pure state  under  the  name  of  tinkal , enveloped  in  a kind 
of  fatty  matter,  which  Vauquelin  has  ascertained  to  be 
a soap,  with  soda  for  its  base.  When  purified  in  Europe 
it  takes  the  name  of  borax.  The  purification  is  per- 
formed by  the  Dutch  ; but  the  process  which  they  fol- 
low is  not  known.  Valmont  Bomare  informs  us  that 
they  extract  80  parts  of  pure  borax  from  ico  parts  of 
tinkal.  The  operations  are  conducted  in  leaden  vessels, 
and  consist  chiefly  in  repeated  solutions,  filtrations,  and 
crystallizations.  Valmont  Bomare  suspects  that  they 
employ  lime-water  •,  and  Fourcroy  has  shewn  that  this 
might  be  useful  in  decomposing  the  soap  in  which  crude 
borax  is  enveloped 


* Bergman,  iii.  325.  According  to  Withering,  twice  its  weight  is 
necessary. — Bergman’s  SciagropLia,  p.  26.  Eng.  Trans. 

| Hassenfratz,  Ann.  dt  Chim.  xxviii.  12.  | Fourcroy  iji  330 
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Borax,  thus  purified,  may  be  obtained  crystallized  in 
hexangular  prisms,  of  which  two  sides  are  much  broad- 
er than  the  remainder,  and  terminated  by  triangular  py- 
ramids. It  is  of  a white  colour.  Its  specific  gravity  is 
1.740  *.  It  converts  vegetable  blues  to  green.  Its 
taste  is  styptic  and  alkaline. 

Ii  is  soluble  in  12  times  its  weight  of  water  of  the 
temperature  of  6o°,  and  6 times  its  weight  of  boiling 
water. 

When  exposed  to  the  air,  it  effloresces  slowly  and 
slightly. 

When  heated,  it  swells,  loses  about  four-tenths  of  its 
weight,  becomes  ropy,  and  then  assumes  the  form  of  a 
porous,  and  very  friable  mass,  known  by  the  name 
of  calcined  borax  ; in  a strong  heat  it  melts  jnto  a trans- 
parent glass  still  soluble  in  water. 

When  two  pieces  of  borax  are  struck  together  in  the 
dark,  a flash  of  light  is  emitted  f. 

Ibis  salt,  according  to  Bergman,  is  composed  of 
39  acid 
17  soda 
44  water 

" 

100  x 

It  is  decomposed  by  the  following  salts,  according  to 
Fourcroy : 

1.  Sulphats  of  lime,  ammonia,  magnesia,  glucina,  alu- 

mina, zirconia. 

2.  Sulphites  of  ammonia,  magnesia. 


* Kirwan.  f Accum,  Nicholson’s  jour.  ii.  28. 

} Bergman's  Notes  on  Scheffer. 


borats. 


3.  Nitrats  of  barytes,  strontian,  lime,  ammonia,  magne-  Chap. 

sia,  glucina,  alumina,  zirconia. 

4.  Muriats  of  barytes,  strontian,  lime,  ammonia,  mag- 

nesia, glucina,  alumina,  zirconia. 

5.  Super- phosphat  of  lime. 

6.  Phosphats  of  ammonia,  magnesia,  glucina,  alumina, 

zirconia. 

7.  Fluats  of  barytes,  strontian,  magnesia,  ammonia,  glu- 

cina, alumina,  zirconia. 

Borax  is  sometimes  used  in  medicine  as  an  astringent. 

It  is  used  as  a flux  for  metals,  and  enters  into  the  com- 
position of  some  of  the  coloured  glass  pastes  made  in  i- 
mkation  of  gems  ; but  its  great  use  is  to  facilitate  the 
soldering  of  the  more  precious  metals.  It  is  employed 
also  as  a flux  by  mineralogists  in  essaying  the  properties 
of  minerals  by  the  blow-pipe. 


j 


Sp.  8.  Borat  of  Ammonia. 

This  salt  may  be  formed  by  saturating  boracic  acid 
with  ammonia.  It  has  scarcely  been  examined.  lour- 
croy  affirms,  that  when  its  solution  is  evaporated,  the 
ammonia  is  volatilized,  and  the  acid  crystallizes*. 

Sp.  9.  and  10.  Borats  of  Glucina  and  7ttria. 

Unknown. 


Sp.  11.  Borat  of  Alumina. 

This  salt  may  be  formed  by  mixing  together  the  so- 
lutions of  borat  of  soda  and  sulphat  of  alumina.  It  is 
said  to  be  scarcely  soluble  in  water,  and  not  to  crystal- 
lize. 


# Fourcroy,  iii.  336. 
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Sp.  12.  Bor  at  of  Zirconia. 

Unknown. 

When  boracic  acid  and  silica  are  exposed  to  a strong 
heat,  they  melt  together  into  a transparent  glass.  This 

compound  has  received  the  name  of  borat  of  silica  from 
Fourcroy. 


Genus  IV.  Sulphats. 

Sulphuric  acid  is  capable  of  combining  with  all 
the  alkalies  and  earths  except  silica.  The  sulphats  are 
almost  all  capable  of  assuming  a crystallized  form. 
Their  taste,  when  they  have  any,  is  almost  always  bitter. 

They  may  be  distinguished  from  other  saline  bodies  by 
the  following  properties. 

Characters.  . I.  They  are  insoluble  in  alcohol.  When  they  are 
dissolved  in  water,  alcohol  precipitates  them  from  that 
liquid,  and  it  precipitates  them  crystallized. 

2.  Heat  does  not  decompose  them.  To  this,  how- 
ever, there  are  some  exceptions. 

3-  When  heated  to  redness  along  with  charcoal,  they 
are  converted  into  sulphurets. 

4-  When  barytic  water,  or  a solution  of  any  salt  con- 
taining barytes,  is  dropt  into  a solution  of  any  of  the 
sulphats  in  water,  a copious  white  precipitate  imme- 
diately falls,  which  is  insoluble  in  acetic  acid. 

The  sulphats  at  present  known  amount  to  r5,  qf 
which  5 are  triple  salts.  Many  of  the  sulphats  are’  ca- 
pable of  combining  with  an  excess  of  alcohol,  and  of 
fop-iing  supersaltSj 
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Sp.  I . Sulphat  of  Barytes. 

This  salt  is  found  abundantly  in  different  parts  of 
the  earth,  and  was  formerly  denominated  ponderous  spary 
from  it  great  weight.  Its  composition  was  first  ascer- 
tained by  Gahn. 

Haay  has  ascertained  that  the  form  of  its  integrant  properties, 
particles  is  a right  angled  prism,  whose  bases  are 
rhombs  with  angles  of  ioi4-°  and  784-°.  The  primitive 
form  of  its  crystals  is  the  same  ; but  it  occurs  native  in 
a variety  of  other  forms.  It  cannot  be  crystallized  by 
art.  This  salt  is  insoluble  in  water,  or  at  least  only  so- 
luble in  43.000  times  its  weight  of  water  at  the  tempe- 
rature of  the  atmosphere  *.  Sulphuric  acid  dissolves  it 
when  concentrated  and  boiling,  but  it  is  precipitated  by 
the  addition  of  water  f. 

When  suddenly  heated,  it  breaks  in  pieces  and  flies 
about  with  a crackling  noise.  This  phenomenon,  which 
is  called  decrepitation,  is  occasioned  by  the  sudden  con- 
version of  the  water  which  it  contains  into  steam. 

When  heated  very  violently  it  melts,  and  before  the 
blow-pipe  is  converted  into  a white  opaque  globule. 
According  to  Saussure,  a heat  equal  to  35  0 Wedgewood 
-is  required  to  fuse  it  When  formed  into  a thin  caktj 
with  flour  and  water,  and  heated  to  redness,  it  phos,pho- 


* Kirwan’s  Min.  i.  1 3.6. 

+ Thus  it  forms  a kind  of  supersulphat,  as  has  been  remarked  by  Mr 
Hume  in  Phil.  Mag.  xiv.  357.  The  fact  was  well  known  to  chemists. 
This  solution,  however,  is  but  very  imperfectly  intitled  to  the  name  of 
supersulphat  of  barytes  ; as  it  parts  with  its  excess  of  acid  at  a moderate 
beat,  which  by  no  means  is  the  case  with  supersulphat  of  potass. 
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IM  visional  I resces  *n  ^'ar^*  This  was  first  observed  in  a variety 

< _/  of  this  substance  known  by  the  name  of  Bologna  stone. 

Lemery  informs  us,  that  the  property  was  discovered  by 
an  Italian  shoemaker  named  Vincenzo  Casciarolo.  This 
man  found  a Bologna  stone  at  the  foot  of  Mount  Pater* 
no,  and  its  brightness  and  gravity  made  him  suppose 
that  it  contained  silver.  Having  exposed  it  to  the  fire, 
doubtless  in  order  to  extract  from  it  the  precious  me- 
tal, he  observed  that  it  was  luminous  in  the  dark. 
Struck  with  the  discovery,  he  repeated  the  experiment, 
and  it  constantly  succeeded  with  him.  It  is  evident  that 
by  the  calcinatiop  it  must  be  converted,  at  least  partly, 
into  sulphuret. 

Composi-  According  to  Fourcroy  *,  there  are  two  sulphats  of 
tlon'  barytes. 

Native,  composed  of  13  acid 

84  barytes 
3 water 

100 

Artificial,  of  33  acid 

64  barytes 
3 water 

’ 1 ' 

100 

But  my  experiments  have  given  me  no  such  results. 

According  to  Thenard  f,  artificial  sulphat  heated  to 
redness  is  composed  of  . . . 25.18  acid 

74.82  barytes 

100 


* Fourcroy,  iii.  aj 
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According  to  Chenevix,  of  24  acid 

76  base 

100  * 

It  is  decomposed  by  two  salts  ; namely,  carbonat  of 
potass  and  carbonat  of  soda.  The  decomposition  takes 
place  either  when  it  is  boiled  in  a solution  of  these 
salts  in  water,  or  when  they  are  heated  together  in  3 
crucible. 


Sp.  2.  Svlphat  of  Potass. 

Of  this  salt  there  are  two  varieties,  differing  in  the 
proportion  of  their  acid. 

Variety  1.  Sulphat  of  Potass — This  salt  may  be 
formed  by  saturating  diluted  potass  with  sulphuric  acid, 
and  then  evaporating  the  solution  gently  till  crystals  ap- 
pear. It  seems  to  have  been  known  at  a very  early  pe- 
riod by  chemists,  and  a great  variety  of  names  were  gi- 
ven to  it,  according  to  the  manner  of  forming  it,  or  the 
fancy  of  the  operator.  .Some  of  these  names  were,  spe- 
cifcum  purgans , nitrum  fxum,  arcanum  duplicatum , pa-  Names. 
nacca  holsaticay  sal  de  duobus}  sal polychrest glaseri,  &c. 
but  it  wras  commonly  known  by  the  name  of  vitriolated 
tartar  till  the  French  chemists  called  it  sulphat  of  pot- 
ass, when  they  formed  their  new  nomenclature  in 
1787  f. 

When  the  solution  of  sulphat  of  potass  is  sufficiently  Properties, 
diluted,  it  affords  by  evaporation  hexahedral  pyramids, 


• Nicholson,  ii.  196  Second  Series. 

f Bergman  called  it  alkali  vcgttabile  vitriolatum,  and  Morvcau  vitriol  of 

potau. 
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°r  sJlort  hexangular  prisms,  terminated  by  one  or  more 
' <r~  '•  hexangular  pyramids.  But  these  crystals  vary  much  in 

their  figure,  according  to  the  care  with  which  they  are 
prepared. 

It  has  a very  disagreeable  bitter  taste.  Its  specific 
gravity  is  2.298,  according  to  Brisson ; according  to 
Hassenfratz  2.4073  *.  It  is  soluble  in  the  temperature 
of  6q°  in  1 6 times  its  weight  of  water;  in  a boiling 
heat,  it  is  soluble  in  5 times  its  weight  f.  It  suffers  no 
alteration  in  the  air. 

When  placed  upon  burning-  coals,  it  decrepitates,  but 
suffers  no  other  alteration.  In  a red  heat  it  melts.  It 
is  sometimes  luminous  in  the  dark,  as  Mr  Giobert  has 
observed  ^ 

Cfcmposi-  Its  component  parts  are,  according  to 

taco-  b 


Bergman, 

Kirwan. 

40 

52 

8 

100. 

IOO. 0 

By  my  analysis,  its  component  parts,  when  in  the  state 
cf  dry  crystals,  are  . . . 31.0  acid 

67.6  base 
1.4  water 

Joo  $ 


* Ann-  de  Ch'm-  *xviii-  12.  f Bergman.  f Ann.  dc  Cblm.  x.  40, 
W hen  fused  in  a platinum  crucible,  it  loses  1.4  per  cent. — 100  parts 
d.ssolved  in  water,  and  treated  with  muriat  of  barytes,  give  128  parts  of 
sulphat  of  barytes,  which,  at  the  rate  of  24  per  cent,  sulphuric  acid, 
amounts  to  31  parts. 
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Hitherto  it  has  been  applied  to  little  use.  It  is  a pur- 
gative ; but  its  disagreeable  taste,  and  its  sparing  solubi- 
lity in  water,  prevent  it  from  being  much  employed. 

It  is  decomposed  by  the  following  salts  : 

1.  All  barytic  salts. 

2.  Nitrat  and  muriat  of  lime  and  of  strontian. 

3.  All  metallic  salts,  whose  base  forms  an  insoluble  com- 

pound with  sulphuric  acid,  as  the  oxides  of  mercu- 
ry, silver,  lead. 

4.  The  tartrats,  at  least  partially. 

Variety  2.  Supersulphat  of  Potass This  salt  may  be 

prepared  by  heating  together  a mixture  of  three  parts 
of  sulphat  of  potass  and  one  part  of  sulphuric  acid. 

It  was  first  distinguished  from  the  first  variety  by  Rouelle 
senior. 

It  usually  crystallizes  in  long  slender  needles,  but  it  propose*, 
may  be  obtained  in  six-sided  prisms.  Its  taste  is  acrid, 
and  it  reddens  vegetable  blues.  It  is  Soluble  in  two 
parts  of  water  at  the  temperature  of  60 °,  and  in  less 
than  its  weight  of  boiling  water.  It  is  scarcely  altered 
by  exposure  to  the  air.  When  heated  it  melts  readily 
and  assumes  the  appearance  of  oil,  but  it  becomes  as 
white  as  ever  when  allowed  to  cool.  A very  violent 
and  long  continued  heat  dissipates  the  excess  of  acid, 
and  converts  it  into  sulphat. 

In  other  respects  this  salt  agrees  with  the  sulphat  of 
potass. 

Sp.  3.  Sulphat  of  Soda. 

Trirs  salt  was  first  discovered  by  Glauber  a German 
chemist,  and  for  that  reason  was  long  known  by  the 
name  of  Glauber's  salt . He  himself  called  it  sal  mira- 
bilt.  It  may  be  prepared  by  saturating  soda  with  sul- 
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Div?°ion1I.  P^uric  acid ; bat  it  is  more  usually  obtained  by  de- 
— v— — ^ composing  common  salt  in  order  to  procure  muriatic 
acid. 

Properties.  Its  crystals  arc  transparent,  and  when  formed  by  slow 
evaporation,  are  six-sided  prisms  terminated  by  dihedral 
summits.  The  sides  of  the  prisms  are  usually  chan- 
nelled, and  the  crystals  are  almost  always  exceedingly 
irregular. 

Its  taste  at  first  has  some  resemblance  to  that  of  com- 
mon salt,  but  soon  becomes  very  disagreeably  bitter. 
It  is  soluble  in  2.67  times  its  weight  of  water  at  the 
temperature  of  6o°,  and  in  0.8  of  boiling  water.  When 
exposed  to  the  air,  it  loses  great  part  of  its  water,  and 
falls  into  a white  powder  *,  but  it  is  not  otherwise  al- 
tered. 

1 

When  exposed  to  heat,  it  first  undergoes  the  watery 
fusion f,  then  its  water  is  evaporated,  it  is  reduced  to  a 
white  powder,  and  at  last  in  a red  heat  it  melts.  Mr 
Kirwan  has  observed,  that  part  of  the  acid,  as  well  as 

the  water,  is  driven  off  by  the  application  of  a strong 
heat  J. 

It  is  composed,  according  to  Bergman,  of 

27  acid 
15  soda 
58  water 


100 


* Substances  which  fall’ to  powder  in  this  manner  are  said  to  effloresce. 
t When  substances,  on  the  application  of  heat,  mq.lt  by  means  of  the 
water  they  contain,  they  are  said  to  undergo  the  watery  fusion. 

1 Irish  Transactions,  V, 
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According  to  the  latest  experiments  of  Kirwan  *,  its 
component  parts  are,  when 

Crystallized,  Dried  at  700°. 

56  acid 

18.43 44  soda 

58.00 0 water 


I 30.00 


IOO 


This  salt  is  consumed  in  great  quantities  as  a purga- 


tive. 


It  is  decomposed  by  the  following  salts  : 

1 . By  all  the  salts  which  decompose  sulphat  of  potass 

except  the  tartrats. 

2.  B-y  most  salts  whose  base  is  potass. 

This  salt  dissolves  readily  in  sulphuric  acid.  If  the 
solution  be  set  aside,  it  deposites  spontaneously  large 
rhomboidal  crystals  which  contain  an  excess  of  acid. 
They  are  a kind  of  supersulphat  of  soda.  They  efflo- 
resce in  the  air,  and  lose  their  excess  of  acid  when  mo- 
derately heated. 


Decern  posi- 
tion. 


Sp.  4.  Sulphat  of  Strontian. 

This  salt,  for  the  discovery  of  which  we  are  indebted 
to  Dr  Hope  and  Mr  Klaproth,  may  be  composed  artifi- 
cially by  dropping  sulphuric  acid  into  strontian  water  ; 
in  which  case  it  has  the  form  of  a white  powder.  But 
it  exists  abundantly  in  different  parts  of  the  world, 
usually  crystallized  in  rhombcridal  prisms. 

This  salt  is  tasteless.  It  is  soluble  in  3840  parts  of  Propertius, 
boiling  water.  Sulphuric  acid  dissolves  it  readily  when 


ra 


* Nicholson’*  Journal , iii.  llj . 
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Division  L ass*ste<*  beat,  but  it  is  precipitated  by  the  addition  of 
v water  to  the  solution*.  In  the  greater  number  of  its 
properties  it  has  a considerable  resemblance  to  sulphat 
of  barytes. 

Composi-  . It  is  composed,  according  to  the  analysis  of  Vauque- 

lin  f,  of 46  acid 

54  strontian 

ioo 

According  to  Klaproth  $,  Clayfield§,  Henry  ||,  and 
Kirwan  ^J,  of  ....  42  acid 

58  strontian 

~ \ 

100 

Decomposi-  Sulphat  of  strontian  is  decomposed  by  the  following 
salts  : 

1.  Carbonat  of  potass  and  of  soda> 

2.  All  barytic  salts, 

3.  Sulphites  of  potass  and  of  soda, 

4.  Phosphats  of  potass,  of  soda,  of  ammonia, 

5.  Borat  of  ammonia. 

This  salt  is  soluble  in  sulphuric  acid,  and  therefore 

forms  an  imperfect  supersulphat  **. 

« 

Sp.  5.  Sulphat  of  Lime. 

Of  this  salt  there  are  two  varieties.  The  first  con« 
tains  water,  and  is  called  common  sulphat : The  second, 
which  is  destitute  of  water,  is  called  anhydrous  sulphat . 


* Hope,  Trans.  Edin.  iv.  10.  -f  Jou).  dc  Min.  An.  vi.  6. 

t Beytragc,  ii.  97.  $ Nicholson's  Journal,  iii.  39 

tl  Ibid.  p.  137.  j Ibid.  p.  3IJ. 

**  Hume,  Phil.  Mag.  *iv.  338. 
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Variety  I.  Common  Sulphat. — This  salt  was  well  Chap.  I.U.^ 
known  to  the  ancients  under  the  name  of  gypsum-,  but 
the  composition  of  gypsum  was  not  known  till  Mar- 
graff  and  Macquer  analysed  it,  and  proved  it  to  be  a 
compound  of  sulphuric  acid  and  lime.  1 he  salt  formed 
by  the  artificial  union  of  these  two  bodies  was  former- 
ly called  selenite , probably  from  its  whiteness. 

The  properties  of  this  salt  were  first  examined  with  Properties, 
precision  by  Bergman.  It  is  found  abundantly  in  dif- 
ferent parts  of  the  world,  so  that  it  is  seldom  formed 
artificially.  When  pure,  it  is  frequently  crystallized. 

The  primitive  form  of  its  crystals  is,  according  to  Hauy, 
a right  angular  prism  with  rhomboidal  bases,  whose 
angles  are  1130  and  67°.  Its  integrant  particles  have 
the  same  form  ; but  it  is  more  usually  found  crystalli- 
zed in  octahedrons,  in  six-sided  prisms  with  four-sided 
summits,  or  lenticular.  These  crystals  are  often  ex- 
ceedingly transparent. 

It  has  a slightly  nauseous  taste,  scarcely  perceptible, 
except  by  drinking  a glass  of  water  impregnated  with 
it  *.  It  i^  soluble  in  500  parts  of  water  at  the  tempe- 
rature of  6o°,  and  in  450  of  boiling  water.  Mr  Paul 
has  observed,  that  if  this  solution  be  saturated  by  pres- 
sure with  hydrogen  gas,  the  sulphat  in  about  six  months 
is  converted  into  a sulphuret  f.  It  is  not  affected  by 
exposure  to  the  air.  It  is  soluble  in  sulphuric  acid. 

When  heated,  it  loses  its  water  of  crystallization,  de- 
crepitates, and  falls  into  a soft  white  powder.  This 
powder,  when  its  water  has  been  driven  off  by  the  ap- 
plication of  a red  heat,  absorbs  Water  very  rapidly,  and 
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Division  H so^'^es  ^ > at  the  same  time  a slight  increase  of  tei*. 

v—— v—1  perature  takes  place:  so  that  if  it  be  formed  into  a paste 
with  water,  it  dries  in  a few  minutes.  In  this  state  it 
is  called  plaster  t>f  Paris , and  is  much  employed  for 
forming  casts,  &.c.  in  consequence  of  this  property. 

, Sulphat  of  lime,  when  exposed  to  a violent  heat, 
melts  ; before  the  blow- pipe  it  gives  an  opaque  vitre- 
ous globule.  The  temperature  necessary  to  produce 
this  effect  is,  according  to  Saussure,  510  of  Wedge- 
wood  *. 

don"PasI*  ^ *s  comPosech  wording  to  Bergman,  of 

46  acid 
32  lime 
22  water 

100 

Mr  Kirwan  informs  us  that  these  are  its  component  parts 
when  it  has  been  dried  in  the  temperature  of  66°.  In 
higher  heats  it  loses  a greater  proportion  of  its  water, 
and  in  a white  heat  it  loses  the  whole.  Its  Component 
parts,  after  being  dried  in  the  temperature  of  170°,  af- 
ter being  heated  to  redness,  and  after  being  exposed  to 
a white  heat,  are,  according  to  this  philosopher,  as  fol- 
lows f : 


I. 

2. 

3- 

Dried  in  1700. 

In  a red  heat. 

In  a white  heat. 

5°*39  • • 

• • • • 55.84  • • • 

...  59  acid 

35-23  • • 

• • # • 5 8.8 1 . . . 

...  41  lime 

14.38  . . 

• * • • S‘3$  ♦ • • 

...  0 water 

100.00 

100.00 

too 

**  Jour,  do  Pbys.  adv.  i6. 


f Nicholson’s  Journal,  iii.  ixjf, 
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According  to  Chenevix,  after  being  strongly  Heated- 
in  a platinum  crucible,  its  component  parts  are 

57  acid 
43  base 

ioo* 

It  is  decomposed  by  the  following  salts : 

X.  Carbonats  of  potass,  soda,  and  ammonia. 

2.  AIL  barytic,  and  probably  all  strontian,  salts. 

3.  Sulphites  of  potass  and  soda. 

4.  Phosphats,  fluats,  and  bornts  of  potass,  soda,  and  am- 

monia. 

5.  All  the  oxalats, 

Variety  2.  Anhydrous  Sulpbat. — This  variety  is  found  Anhydrous 

native  in  different  parts  of  the  eatth ; Sweden,  Tytol, 

Berne,  See.  It  seems  to  have  been  first  pointed  out  by 
Hauy.  A specimen  of  it  was  described  with  much 
precision  by  Fleuriau  in  the  Journal  de  Physique  for 
17^8  ; and  analysed  by  Vauquelin,  who  first  ascertain- 
ed its  composition.  It  has  since  been  described  with 
more  precision  by  Bournonf,  and  a purer  specimen  of 
it  analysed  by  Chenevix 

It  is  usually  crystallized.  The  primitive  form  of 
its  crystals  is  a rectangular  prism,  having  two  of  its 


Chap.  Ilf. 


* Phil.  Mag.  xi.  15. — On  repeating  Mr  Chenevix’s  experiment,  I ob- 
tained as  the  result  .......  56  acid 

4%  base 

1 * 

1 bo 

which  is  precisely  the  mean  of  the  experiments  of  Kirwan  and  Chene- 
vix. I used  a transparent  calcareous  spar,  which  by  previous  experiment 
1 had  ascertained  to  be  pure  carbonat  of  liiye. 

| ’pour,  de  Mm.  An.  X.  ik  34 5- 


f Ibid.  p.  4x8. 
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Division  ^I.  faCCS  broatler  t5lan  the  other  two.  It  has  Considerable 
'"“■v— lustre,  and  the  broad  faces  have  the  appearance  of  pearl. 

Its  specific  gravity  is  about  2.950.  Its  hardness  is 
considerable,  being  not  inferior  to  that  of  calcareous 
spar.  It  usually  phosphoresces  when  heated.  It  is 
transparent,  insoluble  in  water,  and  in  its  other  proper- 
ties agrees  with  common  sulphat.  From  the  analyst 
of  Chenevix,  its  component  parts  are 

44.88  acid 
-55*12  base 

100.00 

In  its  proportions,  then,  it  coincides  almost  exactly  with 
common  sulphat,  excepting  in  the  absence  of  water. 

Sj).  6.  Sulphat  of  Ammonia. 

This  salt  was  discovered  by  Glauber,  and  called  by 
him  secret  sal  ammoniac.  It  was  also  called  vitriol  ted 
ammoniac.  It  may  be  prepared  by  saturating  ammonia 
with  sulphuric  acid,  or  by  decomposing  sal  ammoniac 
by  means  of  sulphuric  acid. 

Properties.  Its  crystals  are  generally  small  six-sided  prisms,  whose 
planes  are  unequal,  terminated  by  six-sided  pyramids. 
It  has  a sharp  bitter  taste.  It  is  soluble  in  twice  its 
own  weight  of  water  at  the  temperature  of  6o°,  and  in 
its  own  weight  of  boiling  water.  When  exposed  to  the 
air,  it  slowly  attracts  moisture. 

When  heated,  it  first  decrepitates,  then  melts,  and  in 
close  vessels  sublimes,  but  with  some  loss  of  its  alka- 
li • In  that  state  it  might  be  called  supersulphat  of 


* Kinvan’s  Min.  Li.  ir. 
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ammonia,  as  it  contains  an  excess  of  acid,  has  an  acid  .Chap- 111 
taste,  and  reddens  vegetable  blues.  When  heated  near- 
ly to  redness,  the  greatest  part  of  it  is  decomposed. 

Some  sulphurous  acid  comes  over  and  some  ammonia, 
a great  quantity  of  azotic  gas  is  disengaged,  and  in  all 
probability  water  is  formed*. 

According  to  the  experiments  of  Mr  Kirwan,  it  is  Composi- 
composed  of  ...  . 54.66  acid 

14.24  ammonia 
31.10  water 

100.00  f 

Sulphat  of  ammonia  is  decomposed  by  the  following  Decomposi- 
, tion. 

salts : 

j.  All  barytic  and  strontian  salts. 

2.  Carbonats  of  barytes,  lime,  potass,  soda,  magnesia, 

and  prqbably  strontian. 

3.  Sulphites,  nitrats,  muriats,  phosphats,  fluats,  and  bo- 

rats  of  potass  and  soda. 

4.  Sulphite,  pitrat,  and  muriat  of  magnesia. 

5.  Nitrat  and  muriat  of  lime. 

6.  Muriat  of  alumina. 

7.  Most  salts  with  base  of  lead,  silver,  mercury. 

8.  Also  yellow  oxide  of  iron,  oxide  of  zinc,  red  oxide 

of  lead 

Sp.  7.  Sulphat  of  Magnesia. 

This  salt  was  first  observed  in  the  springs  at  Epsom 
jn  England  by  Grew  in  1675  ; but  Dr  Black  was  the 


* Hatchett,  Phil.  Trans,  lxxxvi.  314. 
\ Nicholson’s  Journal,  iii.  *15. 

| Hatchett,  Phil.  Trans.  lxxxvi.  314. 
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dTvisLuf.  ^rst  w*10  !*ccurately  ascertained  its  composition.  Ee- 

v ^ore  his  time  it  was  confounded  with  sulphat  of  soda. 

It  has  been  called  Epsom  salt,  sal  catharticus  amarus , 
and  Seydler  salt. 

Properties*  Jt  crystallizes  in  quadrangular  prisms,  whosp  plain^ 
are  equal,  surmounted  by  quadrangular  pyramids,  or 
by  dihedral  summits.  The  primitive  form  of  its  cry- 
stals is,  according  to  Hauy,  a four-sided  prism,  whose 
Eases  are  squares.  The  form  of  its  integrant  particles 
is  a three-sided  prism,  whose  bases  are  rectangular 
isosceles  triangles. 

This  salt  is  scarcely  ever  prepared  artificially,  as  it 
is  found  abundantly  in  nature.  It  exists  in  consider- 
able quantity  in  sea-water  ; and  the  uncrystallized  re- 
siduum in  the  salt  pans,  after  all  the  common  salt  has 
crystallized,  consists  almost  wholly  of  this  salt  dissol- 
ved in  water.  In  that  state  it  is  usually  called  bittern, 
and  sometimes  in  Scotland  spirit  of  salt.  It  has  an  ex- 
cessively bitter  taste.  Its  specific  gravity  is  i 66* 
At  the  temperature  of  6o°  it  is  soluble  in  its  own  weight 
of  water,  and  in  -^ths  of  its  weight  of  boiling\  water. 
The  volume  of  water  is  increased  ^-th  by  adding  the 
salt f.  When  exposed  to  the  air  it  effloresces,  and  is  re- 
duced to  powder.  When  exposed  to  heat  it  undergoes 
the  watery  fusion,  and  by  increasing  the  temperature 
its  water  is  evaporated,  but  it  cannot  be  decomposed  by 
means  of  heat.  Before  the  blow-pipe  it  melts  with 
difficulty  into  an  opaque  vitreous  globule. 


* Hassenfratz,  Am.  dc  Chim.  xrviii.  IS. 
f Bergnjan. 
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Its  component  parts  are,  according  to 

KIrwan. 


Bergman. 

33  • • • 

I P • • • 

48  • • a 


In  crystals.  Dry.  . 

, 29.35  63-3*  aCld 

. 17.00  ....  36- 68  magnesia 

. 53.65 o.  water 
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I00#  100.00  1 00.00  f 

Sulphat  of  magnesia  is  decomposed  by  the  following 


salts : 

1.  All  barytic  and  strontian  salts. 

2.  All  alkaline  sulphites,  nitrats,  phosphats,  fluats,  bo. 


rats,  and  carbonats. 

3.  Nitrat,  muriat,  and  carbonat  of  lime. 

4.  Muriat  of  soda,  below  the  temperature  of  3^  t* 
This  salt  is  sometimes  employed  as  a purgative  ; 

but  its  great  use  is  to  yield  magnesia.  Almost  all  the 
magnesia  of  commerce  is  extracted  from  this  salt.  It 
is  dissolved  in  water,  and  the  magnesia  precipitated  by 
alkalies. 


Sp.  8.  Sulphat  of  G/ucina. 

This  salt  was  first  examined  by  Vauquelin,  the  dis- 
coverer of  its  base. 

It  is  prepared  by  saturating  sulphuric  acid  with  glu- 
cina.  The  acid  dissolves  the  earth  readily,  and  the  so- 
lution by  evaporation  yields  small  necdleform  crystals, 
the  figure  of  which  has  not  been  ascertained. 

It  has  a very  sweet  and  somewhat  astringent  taste.  Properties. 
Jt  is  very  soluble  in  water  ; the  solution  readily  as- 


* opusc.  i.  378.  + Nicholsons  Journal , i?i.  xij. 

| Schiele  and  Gren,  Ann.  de  CLim.  xxiii. 
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Division^.  sumes  t}ie  consistence  of  a syrup,  but  is  brought  with 
Wy  difficulty  to  crystallize.  When  heated  it  undergoes  the 
watery  fusion,  loses  its  water  of  crystallization,  and  falls 
to  powdep.  At  a red  heat  it  is  decomposed  completely  j 
the  acid  is  driven  off,  and  the  earth  remains  in  a state 
of  purity.  The  infusion  of  nut-galls,  when  dropped 
into  the  solution  of  this  salt,  occasions  a yellowish  white 
precipitate. 


Properties. 


Sp.  9.  Sulphat  of  Yttria. 

This  salt  was  first  formed  by  Gadolin,  and  after- 
wards  it  was  examined  with  more  precision  by  Eck_e- 
berg*,  Vauquelinf,  and  Klaproth  J. 

Sulphuric  acid  dissolves  yttria  readily,  and  some  ca- 
loric is  evolved  during  the  process.  As  the  solution 
goes  on,  the  sulphat  crystallizes  in  small  brilliant  grains. 

These  crystals  are  irregular,  but  most  frequently, 
{recording  to  Eckeberg,  they  have  the  form  of  flat  six- 
sided  prisms  terminated  by  four-sided  summits.  These 
crystals  are  not  altered  by  exposure  to  the  air.  Their 
-taste  is  astringent  and  sweetish,  though  not  so  much  so 
as  sulphat  of  glucina/  Their  colour  i 'light  ame- 
thyst red  : their  specific  gravity  2.791.  They  require 
at  least  30  parts  of  water  at  the  temperature  of  6o°  to 
dissolve  them.  At  a red  heat  they  are  partly  decom- 
posed. 

Oxalic  acid,  prussiat  of  potass,  and  the  infusion  of 
nut  galls,  occasion  a precipitate  in  the  aqueous  solution 
of  this  salt.  It  is  decomposed  by  phosphat  of  soda. 

Sulphat  of  glucina  is  readily  distinguished  from  this 


**  Crell’s  Annals,  1 799,  Jj.  <5g, 
| 'Bcitrage,  iii.  67.. 
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salt  by  its  being  colourless,  lighter,  and  more  soluble  gap^ 


in  water. 

Sp.  1C,  Sulphat  of  Alumina. 


This  salt  may  be  formed  by  dissolving  alumina  in 
sulphuric  acid,  evaporating  the  solution  to  dryness,  dis- 
solving it  again  in  water,  and  evaporating  it  till  it  cry- 
stallizes. Little  attention  has  hitherto  bfeen  paid  to  this 
salt,  which  was  never  properly  distinguished  from  alum 
till  two  memoirs,  one  by  Vauquelin  and  another  by 
Chaptal,  on  the  nature  of  alum,  made  their  appearance 
in  the  2 2d  volume  of  the  Ann  ales  de  Chimie. 

It  crystallizes  in  thin  plates,  soft  and  pliant,  and  of  a Properties! 
pearly  lustre.  Its  taste  is  astringent.  It  is  very  soluble 
in  water,  and  does  not  crystallize  without  difficulty. 

When  heated  it  loses  its  water  of  crystallization,  and 
falls  to  powder.  A strong  heat  decomposes  it  complete- 
ly by  volatilizing  the  acid.  It  is  not  altered  by  exposure 
to  the  air.  According  to  Bergman,  it  is  composed  of  Compojh 


It  is  decomposed  by  the  following  salts  : 

1.  All  salts  whos  bases  are  barytes,  potass,  soda,  aqd 

probably  strontian. 

2.  Sulphite,  nitrat,  muriat,  phosphat,  and  carbonat  of 

ammonia  and  of  magnesia. 

3.  Fluat  and  borat  of  ammonia. 

4.  Nitrat,  muriat,  and  carbonat  of  lime. 

This  salt  combines  very  readily  with  an  excess  of 
sulphuric  acid,  and  is  converted  into  supersulphat  of 
^lamina. 


50  acid 
5c  alumina 
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This  salt  was  first  formed  by  Klaproth,  but  Vauque- 
Kn  has  described  it  with  more  precision.  It  is  prepared 
by  dissolving  zirconia  in  sulphuric  acid,  and  evaporating 
the  solution  to  dryness. 

Froperties.  It  is  usually  in  the  form  of  a white  powder.  It  may, 
however,  be  obtained  in  small  needleform  crystals.  It 
has  no  taste,  and  is  insoluble  in  water.  It  is  not  alter- 
ed by  exposure  to  the  air.  It  is  very  easily  decomposed 
by  heat : The  acid  readily  Hies  off,  and  leaves  the  earth 
in  a state  of  purity.  This  decomposition  may  b,e  ac- 
complished even  by  boiling  in  water ; the  earth  preci- 
pitates, and  the  acid  remains  in  solution.  Klaproth  in- 
forms us,  that  with  excess  of  acid  sulphat  of.  zirconia 
forms  transparent  stelliform.  crystals,  soluble  in  water, 
and  having  an  astringent  taste*. 

This  salt  is  too  imperfectly  known,  and  too  difficult 
to  procure,  to  be  applied  to  any  use. 

Sp.  12.  Sulphat  of  Soda-and-ajnmonia. 

This  triple  salt  has  been  lately  discovered  by  Seguin 
during  his  experiments  oji  the  action  of  common  salt  on 
alum,  and  has  not  hitherto  been  examined  by  any  other 
chemist.  It  may  be  formed  by  mixing  together  the  so- 
lutions of  sulphat  of  soda  and  sulphat  of  ammonia,  and 
evaporating  the  mixture.  The  triple  salt  is  obtained  in 
crystals.  These  crystals  are  regular,  and  are  not  alter- 
ed by  exposure  to  the  air.  Their  taste  is  pungent  and 
bitter.  When  heated  they  decrepitate  and  swell,  am- 


* Jeur.d:  Plys.xxxvi.  1S7. 
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i monia  is  first  disengaged,  and  supersulphat  of  ammonia  Chap-IIL 
and  sulphat  of  soda  remain.  Soda  decomposes  it  by 
driving  off  the  ammonia  #. 

Sp.  13.  Sulphat  of pota^s-and-magnesia. 

This  triple  salt  was  first  obtained  by  Berthollet.  It  may 
be  formed  by  mixing  together  equal  solutions  of  sulphat 
of  potass  and  muriat  of  magnesia,  and  evaporating  the 
mixture.  Crystals  of  sulphat  of  potass,  with  a little 
muriat  of  magnesia,  are  first  obtained,  and  then  the 

' triple  salt  in  rhomboidal  crystals,  which  are  not  altered 
by  exposure  to  the  air.  Their  solubility  is  nearly  the 
same  as  that  of  sulphat  of  potass  f. 

Sp.  14.  Sulphat  of  Magncsia-aitd-ammonia. 

This  salt  was  pointed  out  by  Bergman;  but  Four- 
croy  was  the  first  chemist  who  examined  its  proper- 
ties 

It  may  be  prepared  by  mixing  together  saturated  so- 
lutions of  sulphat  of  ammonia  and  of  magnesia.  Cry- 
stals almost  immediately  precipitate,  which  consist  of 
the  two  salts  combined  together.  Or  it  may  be  prepa- 
red by  pouring  ammonia  into  a solution  of  sulphat  of 
magnesia.  Part  only  of  the  magnesia  is  precipitated. 

This  is  to  be  removed  by  filtration ; and  on  evapora- 
ting the  solution,  the  compound  salt  is  obtained  in 

■ crystals.  This  salt  crystallizes  in  octahedrons.  Its 
taste  is  acrid  and  bitter.  Its  specific  gravity  is  1.696  §. 

■ It  is  less  soluble  in  water  than  either  of  its  .component 


♦ * Jour . de  Alin.  An.  10.  p.  80. 

Ann.  de  Chim.  iv.  2IL 
j)  Hassenfratz,  Ann . dc  dim.  xxviii.  12. 
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parts.  When  heated,  it  undergoes  the  watery  fusion  ; 
and  if  the  heat  be  increased,  it  is  decomposed.  It  is  not 
altered  by  exposure  to  the  air. 

It  is  composed,  according  to  the  analysis  of  Fourcroy, 
of  ...........  <$g  sulphat  of  magnesia 


32  sulphat  of  ammonia 


1 00 

I his  salt  has  not  been  applied  to  any  use. 
Sp.  15.  Alum. 


Varieties.  this  sa^  there  are  no  less  than  4 varieties,  all  of 

which  are  triple  salts  ^ two  neutral,  and  two  in  the  state 
of  supersalts.  These  varieties  may  be  distinguished  by 
the  following  names : 

J.  Sulphat  of  alumina-and-potass. 

2.  Sulphat  of  alumina-and-ammonia 

3.  Supersulphat  of  alumina-and-potass. 

4..  Supersulphat  of  alumina-and-ammonia. 

The  two  last  of  these  varieties  are  usually  confound- 
ed together  under  the  name  of  alum  : the  two  first  have 
been  called  alum  saturated  with  its  earths , and  some- 
times aluminated  alum.  It  will  be  proper  to  consider 
the  two  last  varieties  first,  because  they  have  been  long- 
est known,  and  are  the  most  important. 

J$story.  Variety  l . fhe  super sulphats. — The  <rTv*r»pia  of  the 
Greeks*  and  the  alumen  of  the  Romans,  was  a na- 
tive substance,  which  appears  to  have  been  nearly  rela- 
ted to  green  vitriol  or  sulphat  of  iron  ; and  which  con- 
sequently was  very  different  from  what  we  at  present 
denominate  alum.  From  the  researches  of  Professor 
Beckman,  it  appears  that  we  owe  the  discovery  of  alum 
to  the  Asiatics  j but  at  what  period,  or  by  what  means. 
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the  discovery  was  made,  is  altogether  unknown.  It  Chay.in^ 
continued  to  be  imported  from  the  east  till  the  1 5th 
century,  when  a number  of  alum  works  were  establish- 
ed in  Italy.  In  the  16th  century  it  was  manufactured 
in  Germany  and  Spain ; and  during  Queen  Elizabeth’s 
reign  an  alum  work  was  established  in  England  by 
Thomas  Chalomer.  The  alum  of  commerce  is  usually 
obtained  from  native  mixtures  of  barytes  and  clay,  or 
sulphuric  acid  and  clay. 

Bergman  has  published  a very  complete  dissertation 
on  the  process  usually  followed  *.  The  earth  from 
which  it  is  procured  is  usually  called  aluminous  sbistus * 
because  it  is  slaty.  Its  colour  is  blackish,  because  it 
contains  some  bitumen.  In  most  cases  it  is  necessary 
to  burn  it  before  it  -can  be  employed  ; this  is  done  by 
means  of  a slow  smothered  fire.  Sometimes  long  expo- 
sure to  the  weather  is  sufficient  to  produce  tin  efflor- 
escence of  alum  on  the  surface.  It  is  thus  lixiviated, 
and  the  water  concentrated  by  evaporation,  and  mixed 
with  putrid  urine,  or  muriat  of  potass  ; crystals  of  alum 
and  of  sulphat  of  iron  usually  form  together. 

The  composition  of  alum  has  been  but  lately  under- 
stood with  accuracy.  It  has  been  long  known,  indeed* 
that  one  of  its  ingredients  is  sulphuric  acid  f ; and  the 
experiments  of  Pott  and  Margraff  proved  incontestibly 
that  alumina  is  another  ingredient.  But  sulphuric  acid 
and  alumina  are  incapable  of  forming  alum.  Manu- 
facturers knew  that  the  addition  of  a quantity  of  potass 


• Ojnut r.i.  J79. 

t Some  chemists  have  thought  proper  to  call  the  sulphuric  acid,  ob- 
' ained  by  distilling  alum,  spirit  of  alum.  , 
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or  of  ammonia,  or  of  some  substance  containing  these 
alkalies,  is  almost  always  necessary ; and  it  was  proved 
that  in  every  case  in  which  such  additions  are  unneces- 
sary, the  earth  from  which  the  alum  is  obtained  contains 
already  a quantity  of  potass.  Various  conjectures  were 
made  about  the  part  which  potass  acts  in  this  case  ; but 
Vauquelin  * and  Chaptal  f appear  to  have  been  the  first 
chemists  that  ascertained  by  decisive  experiments  that 
alum  is  a triple  salt,  composed  of  sulphuric  acid,  alumi- 
na, and  potass  or  ammonia,  united  together. 

Alum  crystallizes  in  regular  octahedrons,  consisting 
of  two  four-sided  pyramids  applied  base  to  base.  The 
kides  are  equilateral  triangles.  The  form  of  its  inte- 
grant particles,  according  to  Hauy,  is  the  regular  tetra- 
hedron. Its  taste  is  sweetish  and  very  astringent.  It 
always  reddens  vegetable  blues.  Its  specific  gravity  is 
1.7 1 09  £.  At  the  temperature  of  6o°  it  is  soluble  in  from 
15  to  2c  parts  of  water,  and  in  £ths  of  its  weight  of  boil- 
ing water.  When  exposed  to  the  air  it  effloresces  slightly. 
When  exposed  to  a gentle  heat  it  undergoes  the  watery 
fusion.  A strong  heat  causes  it  to  swell  and  foam,  and 
to  lose  about  44  per  cent,  of  its  weight,  consisting  chief- 
ly of  water  of  crystallization  §.  What  remains  is  called 
calcined  or  burnt  alumt  and  is  sometimes  used  as  a cor- 
rosive. By  a violent  heat,  the  greater  part  of  the  acid 
may  be  driven  off 

Though  the  properties  of  alum  are  in  all  cases  pretty 
nearly  the  same,  it  has  been  demonstrated  by  Vauque- 
lin that  three  varieties  of  it  occur  in  commerce.  The 


* Ann.  dt  dim.  xxii.  258.  f Ibid.  280. 

I Hassenfratz,  Ann.  de  Ch'm.  xxviii.  I?,. 

§ Bergman,  i.  287. 
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first  is  supersulphat  of  alumina-and-potass.  The  second,  Chap.  Hi. 
supersulpbat  of  alumina-and-ammonia  \ the  third  is  a 
mixture  or  combination  of  these  two,  and  contains  both 
potass  and  ammonia.  It  is  the  most  common  of  all  j 
doubtless,  because  the  alum  makers  use  both  urine  and 
muriat  of  potass  to  crystallize  their  alum.  The  first 
variety,  according  to  Vauquelin,  is  composed  of 

49  sulphat  of  alumina  Composs- 

7 sulphat  of  potass 
44  water 

ioo 

According  to  Kirwan,  crystallized  alum  is  composed  cf 

17.66  acid 
1 2.00  base 
70.34  water 

100.00 

Burnt  alum,  of  36-25  acid 

63.75  base 

100-00  * 

When  an  unusual  quantity  of  potass  is  added  to  alum 
liquor,  the  salt  loses  its  usual  form  and  crystallizes  in 
cubes.  This  constitutes  a fourth  variety  of  alum,  usual- 
ly distinguished  by  the  name  of  cubic  alum.  It  contains 
an  excess  of  alkali. 

When  the  potass  is  still  further  increased,  Chaptal 
has  observed  that  the  salt  loses  the  property  of  crystal- 
lizing altogether,  and  falls  down  in  flakes.  This  con- 
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stitutes  a fifth  variety  of  alum,  consisting  of  sulpliat  of 
potas6  combined  with  a small  proportion  of  alumina. 

Variety  2.  ’The  Sulphats. — All  the  varieties  of  aluni 
are  capable  of  combining  with  an  additional  dose  of  alu- 
mina, and  forming  perfectly  neutral  compounds  ; all 
possessed  of  nearly  the  same  properties,  and  therefore 
confounded  together  as  one  salt. 

It  may  be  prepared  by  boiling  a solution  of  alum  with 
pure  alumina ; the  compound,  as  it  forms,  gradually 
precipitates  in  the  form  of  a white  powder.  It  was  for- 
merly denominated  alum  saturated  with  its  earth. 
This  salt  does  not  crystallize,  but  has  always  the  form 
of  a tasteless  powder.  It  is  insoluble  in  -water,  and 
not  altered  by  exposure  to  the  air.  Heat  has  no  effect 
upon  it  unless  it  be  very  violent ; and  in  that  case  part 
of  the  acid  is  disfengaged.  Sulphuric  acid  converts  it 
into  alum.  It  is  less  easily  decomposed  by  other  bodies 
than  alum.  Several  of  the  acids  dissolve  slowly  its  last 
dose  of  alumina,  and  convert  it  into  alum..  This  salt 
has  ndt  hitherto  been  applied  to  any  use.  Alum  is  ca- 
pable also,  as  Chaptal  informs  us,  of  combining  with 
several  other  bases,  and  of  forming  many  triple  salts. 
Which  have  never  yet  been  examined  with  attention  *. 

Alum  is  decomposed  by  the  same  salts  as  the  sulphat 
of  alumina. 

Alum  is  of  great  importance  as  a mordant  in  dyeing. 
It  is  used  also  in  the  manufacture  of  leather ; it  is  em- 
ployed by  calico-printers,  engravers,  See.  not  to  mention 
its  use  in  medicine,  in  preserving  animal  substances 


• Ann,  de  Cbim . xxii. 
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from  putrefaction,  and  in  preventing  wood  from  catching 
fire.  * 

If  three  parts  of  alum  and  one  of  flour  or  sugar  be 
melted  together  in  an  iron  ladle,  and  the  mixture  dried 
till  it  becomes  blackish  and  ceases  to  swell ; if  it  be  then 
pounded  small,  put  into  a glass  phial,  and  placed  in  a 
sand-bath  till  a blue  flame  issues  from  the  mouth  of  the 
phial,  and  after  burning  for  a minute  or  two  be  allowed 
to  cool  * , a substance  is  obtained  known  by  the  name  of 
Homier g's  pyrophorus , which  has  the  property  of  catch- 
ing fire  whenever  it  is  exposed  to  the  open  air,  especial- 
ly if  the  air  be  moist. 

This  substance  was  accidentally  discovered  by  Hom- 
berg  about  the  beginning  of  the  18th  century,  while  he 
was  engaged  in  his  experiments  on  the  human  feces. 
He  had  distilled  a mixture  of  human  feces  and  alum  till 
he  could  obtain  nothing  more  from  it  by  means  of  heat ; 
and  four  or  five  days  after,  while  he  was  taking  the  re- 
siduum out  of  the  retort,  he  was  surprised  to  see  it  take 
fire  spontaneously.  Soon  after,  Lemery  the  Younger 
discovered  that  honey,  sugar,  flour,  or  almost  any  ani- 
mal or  vegetable  matter,  could  be  substituted  for  human 
feces  ; and  afterwards  Mr  Lejoy  de  Suvigny  shewed  that 
several  other  salts  containing  sulphuric  acid  may  be  sub- 
stituted for  alum  f.  Scheele  proved  that  alum  deprived 
of  potass  is  incapable  of  forming  pyrophorus,  and 
that  sulphat  of  potass  may  be  substituted  for  alum|. 
And  Mr  1 roust  has  shewn  that  a number  of  neutral 
salts,  composed  of  vegetable  acids  and  earths,  when 


Chap.  III. 
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pyrophorui 


* Care  must  be  taken  not  to  keep  it  too  long  exposed  to  the  heat, 
t Sec  Macquer’*  Dictionary.  { Scheele  on  Fire  and  on  fWW. 
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distilled  by  a strong  fire  in  a retort,  leaves  a resi» 
duum  which  takes  fire  spontaneously  on  exposure  to  the 
air. 

These  facts  have  thrown  a great  deal  of  light  on  the 
nature  of  Homberg’s  pyrophorus,  and  enabled  us  in 
some  measure  to  account  for  its  spontaneous  inflamma- 
tion. It  has  been  ascertained,  that  part  of  the  sulphuric 
acid  is  decomposed  during  the  formation  of  the  pyro- 
phorus, and  of  course  a part  of  the  alkaline  base  becomes 
uncombined  with  acid,  and  the  charcoal,  which  gives  it 
its  black  colour,  is  evidently  divided  into  very  minute 
particles.  It  has  been  ascertained,  that  during  the  com- 
bustion of  the  pyrophorus  a quantity  of  oxygen  is  ab- 
sorbed. The  inflammation  is  probably  occasioned  by 
the  charcoal ; thesulphuret  of  potass  also  acts  an  essen- 
tial part.  Perhaps  it  produces  a sudden  increase  of  tem- 
perature by  the  absorption  and  solidification  of  water 
from  the  atmosphere. 


Genus- V.  Phosphats. 

This  class  of  salts  was  first  distinguished  by  Pott  and 
MargrafF.  Several  of  the  phosphats  were  afterwards 
examined  by  Haupt  *,  Schlosser  f , Rouelle  :f,  Proust  §, 
Westrum  and  Scheele ; but  for  the  most  complete  ac- 
count of  them  we  are  indebted  to  Fourcroy  and  Vau- 
quelin.  They  may  be  distinguished  by  the  following 
properties  : 

Characters.  i.  When  heated  along  with  combustibles,  they  arc 
not  decomposed,  nor  is  phosphorus  obtained. 


* De  Sale  Mirabile  perlato,  1740. 
| Jour.  de  Medicine,  1776. 


f De  Sale  Urine , 1760. 

{ Jour,  de  Phy.  *vii.  148. 
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2.  Before  the  blow-pipe  they  are  converted  into  a Chap,  ill. 
globule  of  glass*  which  in  some  cases  is  transparent,  in 

others  opaque. 

3.  Soluble  in  nitric  acid  without  effervescence,  and 
precipitated  from  that  solution  by  lime  water. 

4.  Decomposed,  at  least  partially,  by  sulphuric  acid  ; 
and  their  acid,  which  is  separated,  when  mixed  with 
charcoal  and  heated  to  redness,  yields  phosphorus. 

5.  After  being  strongly  heated,  they  often  phospho- 
resce. 

The  phosphats,  like  the  sulphats,  readily  combine 
with  an  excess  of  acid  and  form  supersulphats. 

The  phosphats  at  present  known  amount  to  12*,  two 
of  which  are  triple  salts.  Some  of  these  salts  occur  in 
different  states,  constituting  varieties. 


Sp.  1.  Phosphdt  of  Barytes. 


This  salt  has  hitherto  been  described  only  by  Mr 
Vauquelin  *. 

It  may  be  prepared  either  by** saturating  phosphoric 
acid  with  barytes  or  carbonat  of  barytes,  or  by  mixing 
together  an  alkaline  phosphat  and  nitrat  or  muriat  of 
barytes.  In  either  case  the  phosphat  of  barytes  preci- 
pitates immediately  in  the  form  of  a white  powder. 

This  salt  is  tasteless,  incrystallizable  by  art,  insoluble 
in  water,  and  not  altered  by  exposure  to  the  air.'  Its 
specific  gravity  is  1.2867  f-  When  strongly  heated,  it 
melts  into  a grey  coloured  enamel.  The  proportion  of 
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-v— croy,  it  is  decomposed  by  the  following  salts  : 

1.  All  the  earthy  and  alkaline sulphats. 

2.  Sulphite  of  lime* 

3.  Nitrats  of  strontian,  lime,  alumina, 

4.  Muriats  of  lime,  glucina,  zirconia. 

5 Carbonats  of  potass,  soda. 

This  salt  has  not  been  applied  to  any  use. 

W hen  phosphoric  acid  is  dropt  into  a solution  of 
barytes  water,  a precipitate  of  phosphat  of  barytes  im- 
mediately falls.  But  this  precipitate  is  redissolved  by 
adding  an  excess  of  acid  *.  Hence  it  follows,  that  this 
s-alt  is  capable  of  combining  with  an  additional  dose  of 
acid,  and  forming  a superphosphat  of  barytes. 

Sp.  2.  Phosphat  of  Strontian. 

This  salt  was  first  formed  by  Dr  Hope;  but  it  was 
more  particularly  described  by  Vauquelin  in  1797  f. 

Like  the  former  salt  it  may  be  formed  by  dissolving 
carbonat  of  strontian  in  phosphoric  acid,  or  by  mixing 
together  nitrat  of  strontian  and  phosphat  of  soda.  A 
white  precipitate  immediately  falls,  which  is  the  phos- 
phat of  strontian. 

Properties.  This  salt  is  tasteless,  insoluble  in  water,  and  not  al- 
terable by  exposure  to  the  air.  It  is  soluble  in  an  excess 
of  phosphoric  acid ; a property  which  distinguishes  it 
from  phosphat  of  barytes.  Before  the  blow- pipe  it  fuses 
into  a white  enamel,  and  at  the  same  time  emits  a phos- 
phoric light.  It  is  completely  decomposed  by  sulphuric 


• Fourcroy  and  Vauquelin,  Mem.  de  1'Im  tit.  ii.  61. 
I Jour,  dt  Min.  An.  vi  p.  13. 
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acid,  but  by  no  other.  According  to  Vauquelin,  it  is 
composed  of 

41.24  acid 
58.76  strontian 

100.00 

According  to  Fourcroy,  the  following  salts  have  the 
property  of  decomposing  it : 

1.  Sulphites  of  barytes,  lime. 

2.  Nitrites  of  lime. 

3.  Muriats  of  lime,  zirconia. 

4.  Phosphites  of  barytes,  potass. 

5.  Fluats  of  barytes,  potass,  soda. 

6.  Carbonats  of  barytes,  lime,  potass,  soda. 

Sp-  3.  Phosphat  of  Lime. 

Of  this  salt  there  are  two  varieties  j the  first  neutral, 
the  other  a supersalt. 

\ ariety  1.  Phosphat  of  Lime. — This  interesting  salt, 
which  constitutes  the  basis  of  bones,  was  pointed  out 
by  Scheele  and  Gahn  in  1774*  but  for  the  first  precise 
account  of  its  properties  we  are  indebted  to  Eckeberg*, 
Fourcroy,  and  Vauquelin f. 

As  this  salt  constitutes  the  basis  of  bones,  it  is  not  Prepara- 
necessary  to  prepare  it  artificially.  It  may  be  obtain-  tion‘ 
ed  in  a state  of  purity  by  the  following  process : Cal- 
eine  the  bones  to  whiteness,  reduce  them  to  powder, 
and  wash  them  repeatedly  with  water,  to  separate  se- 
veral soluble  salts  which  are  present.  Dissolve  the 
whole  in  muriatic  acid,  and  precipitate  by  means  of  am— 


* Crcll’s  sfynal,,  1798,  i.  323.  f M(m_  d(  y.  ^ 
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l^vidon^II  mon*a  The  precipitate,  when  well  washed  and  dried, 
— y is  pure  phosphat  of  lime. 

Properties.  Phosphat  of  lime,  thus  prepared,  is  always  in  thq 
state  of  a white  powder ; but  it  is  found  native  in  re- 
gular crystals.  In  that  state  it  is  known  by  the  name 
of  apatite.  The  primitive  form  of  its  crystals  is,  ac- 
cording to  Hauy,  the  regular  six-sided  prism  ; and  the 
primitive  form  of  its  integrant  particles  is  a three-sided 
prism,  whose  bases  are  equilateral  triangles:  But  it  ve- 
ry often  assumes  other  forms.  It  is  destitute  of  taste, 
insoluble  in  water,  arid  not  liable  to  be  altered  by  expo- 
sure to  the  air.  It  may  be  exposed  to  a strong  heat 
without  undergoing  any  change ; but  in  a very  violent 
heat  it  becomes  soft,  and  is  converted  into  a white  se- 
mitransparent enamel,  or  rather  porcelain.  According- 
to  the  experiments  of  Saussure,  a heat  of  378°  Wedge- 
wood  is  necessary  to  produce  this  effect*. 

Sulphuric,  nitric,  muriatic,  fluoric,  and  several  ve- 
getable acids,  are  capable  of  decomposing  phosphat  of 
lime  ; but  the  decomposition  is  only  partial.  Four- 
croy  and  Vauquelin  have  ascertained,  that  these  acids 
are  only  capable  of  abstracting  0.40  parts  of  the  lime, 
while  the  remainder  continues  combined  with  the  phos- 
phoric acid,  constituting  a super  phosphat  of  lime.  Hence 
the  reason  that  phosphoric  acid  is  capable  also  of  decom- 
posing partially  the  combinations  of  these  acids  with 
lime;  it  abstracts  as  much  of  the  lime  as  is  sufficient  to 
convert  it  into  super  phosphat.  Phosphat  of  lime,  ac- 
cording to  Fourcroy  and  Vauquelin,  is  composed  of 


* Jour . de  Pbys.  xlv.  z6> 
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According  to  Fourcroy,  it  is  decomposed  by  the  fol- 
lowing salts ; 

1.  Fluats  of  barytes,  potass,  soda, 

2.  Borat  of  barytes. 

The  alkaline  carbonats  do  not  act  upon  it. 

This  salt  is  employed  for  making  cupels:  from  it  al- 
so almost  the  whole  of  the  phosphorus  employed  by 
chemists  is  extracted.  It  is  employed  likewise  as  a me- 
dicine in  rickets. 

Variety  2.  Superphosphnt  of  Lime — This  variety 
was  first  distinguished  as  a peculiar  compound  in  1795 
by  Fourcroy  and  Vauquelin.  It  had  indeed  been  often  Prepara- 
formed  before,  but  chemists  had  neglected  to  examine  UoB* 
it.  It  is  this  salt  which  always  remains  in  the  aque- 
ous solution  when  calcined  bones  are  decomposed  by 
means  of  sulphuric  acid  ; and  it  may  be  formed  artifi- 
cially by  dissolving  phosphat  of  lime  in  phosphoric 
acid,  till  the  acid  refuses  to  take  up  any  more,  and  af- 
terwards evaporating  the  solution  till  the  salt  crystal- 
lizes. 

Its  crystals  are  usually  thin  brilliant  plates,  resem-  Properties', 
biing  mother-of-pearl,  which  easily  adhere  together, 
and  acquire  a kind  of  gluey  consistency.  Its  taste  is 
strongly  acid.  Water  dissolves  it,  and  in  a greater  pro- 
portion when  boiling  hot  than  when  cold  : hence  a sa- 
turated solution  of  it  in  boiling  water  crystallizes  on 
cooling.  It  attracts  a little  moisture  when  exposed  to 
the  air. 

When  heated,  it  readily  undergoes  the  watery  fu- 
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Division'll.  fr’0n  5 ^len  swe^s  up  and  dries.  In  a high  temperature 
v— ^ rueks  into  a semitransparent  glass,  which  is  tasteless 
and  insoluble,  and  is  not  altered  by  exposure  to  the  air. 
When  this  salt  is  heated  to  redness  along  w'ith  charcoal, 
its  excess  of  acid  is  decomposed,  and  converted  into 
phosphorus,  and  phosphat  of  lime  remains  behind.  It 
is  from  this  salt  that  phosphorus  is  usually  obtained : 
but  the  process  of  Fourcroy,  which  consists  in  decom- 
posing the  superphoaphat  of  lime  by  means  of  acetat  of 
lead,  and  afterwards  decomposing  the  phosphat  of  lead 
by  means  of  charcoal,  must  yield  a much  greater  pro- 
portion of  phosphorus. 

No  acid  hitherto  tried  is  capable  of  decomposing  this 
salt  except  the  oxalic,  which  abstracts  its  base  com- 
pletely, and  precipitates  with  ic  in  the  form  of  oxalat  of 
lime  : but  it  is  decomposed  and  reduced  to  the  state  of 
phosphat  of  lime  by  all  the  alkaline  and  earthy  bases. 

Compos!-  It  is  composed,  according  to  the  analysis  of  Fourcrov 
non.  , Tr  ..  . J * 

and  V auqueliri,  of  . , 54  acid 

46  lime 

r 

100 


^.4.  Phosphat  of  Potass . 

Of  this  salt  there  are  two  varieties:  The  first,  which 
contains  an  excess  of  acid,  and  is  in  reality  a superphosr 
phat , has  been  long  known,  and  appears  to  have  been 
first  mentioned  by  Lavoisier  in  1774;  but  it  is  to  Vau- 
quelin  that  we  are  indebted  for  an  examination  of  its 
properties.  1 he  second,  wrhich  is  a neutral  salt,  was 
fetejy  discovered  by  Darracq*.  It  had  been  formed  in- 


* Ann.  de  dim.  xi.  1 79. 
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d,eed  previously  by  Guyton-Morveau  and  Desormes  ; Chap.  lU-^ 

but  these  gentlemen  had  mistaken  it  for  phosphat  of 

lime, 

Variety  I.  Superpbosphat  of  Potass . — This  salt  is 
prepared  by  dropping  carbonat  of  potass  into  phospho- 
ric acid  till  all  effervescence  ceases,  and  then  evapora- 
ting to  the  proper  consistency,  It  does  not  crystallize.  Properties 
When  evaporated  sufficiently,  it  assumes  the  form  of  a 
jelly  ; and  if  the  evaporation  be  carried  farther,  it  be- 
comes dry  altogether.  Its  specific  gravity,  when  dry, 
is  2.8516  *.  It  is  exceedingly  soluble  in  water  ; and 
when  dry  readily  attracts  moisture  from  the  atmosphere, 
and  is  converted  into  a viscid  liquid.  When  heated,  it 
first  undergoes  the  watery  fusion  ; then  allows  its  wa- 
ter of  crystallization  to  evaporate,  and  is  reduced  to 
dryness.  In  a high  temperature  it  melts  into  a trans- 
parent glass,  which  deliquesces  again  when  exposed  to 
the  air. 

It  is  completely  decomposed  by  the  sulphuric,  nitric, 
and  muriatic  acids;  and  by  barytes,  strontian,  and  lime. 

The  following  salts, according  toFourcroy,  have  the  pro- 
perty of  decomposing  it: 

I.  Sulphats  of  soda,  strontian,  lime,  ammonia,  magne-  Decomp®. 
. , . , . . sitioD. 

sia,  glucina,  alumina,  zircoma. 

2>  Sulphites  of  barytes,  lime,  strontian,  glucina. 

3.  Nitrats  of  barytes,  soda,  strontian,  lime,  ammonia, 

magnesia,  glucina,  alumina,  zirconia. 

4.  Muriats  of  barytes,  soda,  strontian,  lime,  ammonia, 

magnesia,  glucina,  alumina,  zirconia. 

5.  Phosphites  of  lime,  barytes. 


* Hassenfratz,  Ann.  de  Chim.  Jiviii.  x%> 
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KSbi^oiUl  ^ F^wats,  borats,  and  carbonats  of  barytes,  lime. 

u"~ Hitherto  this  salt  has  not  been  applied  to  any  use.  * 

Pfccpara.-  Variety  2.  Phospbat  0/  Potass — This  salt  may  be 

formed  by  mixing  together  snperphosphat  of  potass  and 
pure  potass,  and  exposing  them  to  a strong  heat  in  a 
platinum  crucible.  A white  coloured  substance  is  ob- 
tained, which  is  the  phospbat  in  question.  This  salt  is 
tasteless  and  insoluble  in  cold  water,  but  soluble  in  hot 
water  j and  it  precipitates  as  the  solution  cools  in  a 
grjtty  brilliant  powder.  It  is  extremely  fusible  ; melt- 
®5>  before  the  blow- pipe  into  a transparent  bead,  which 
oecomes  opaque  on  cooli-ng.  It  is  soluble  in  nitric,  mu- 
riatic, and  phosphoric  acids : the  solutions  are  thick, 
glutinous,  and  adhesive.  When  sufficiently  diluted,  the 
alkalies  occasion  no  precipitate  in  these  solutions  j but 
when  they  are  concentrated,  a precipitate  appears. 

Sp.  5.  Phospbat  of  Soda. 

i hts  salt  exists  ready  formed  in  urine,  and  was  the 
first  known  of  all  the  phosphats.  It  occupied  a good 
deal  of  the  attention  of  chemists  ; and  the  difficulty  of 
analysing  it  gave  occasion  to  various  hypotheses  con- 
corning  its  nature.  Hellot  remarked  it  in  urine  ; and 
described  it,  in  1737,  as  a salt  different  from  those  that 
had  usually  been  observed.  Haupt  described  it  in  1740 
under  the  name  of  sal  mirabile  pet  latum,  or  “ wonder- 
ful perlated  salt.’*  It  was  called  perlated  from  the 
grey,  opaque,  pearl-like  colour  which  it  assumed  when 
melted  by  the  blow-pipe.  Margraff  examined  it  in 
1 745 5 and  found  it  would  not  yield  phosphorus  when 
treated  with  charcoal,  as  the  other  salts  of  urine  did. 
Rouelle  the  Younger  analysed  it  in  1776,  and  conclu- 
ded from  his  experiments  that  it  was  a compound  of 
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phosphoric  acid  and  soda  * ; but  Mr  Proust  being  un-  Chap.  TTI, 
able  to  obtain  phosphorus  from  it,  concluded,  that  it 
did  not  contain  phosphoric  acid,  but  another  acid  analo- 
gous to  the  boracic  f.  To  this  substance,  which  Mr 
Proust  actually  obtained,  Bergman  gave  the  name  of 
perlated  acid , and  Moryeau  afterwards  called  it  ouretic 
acid.  But  Mr  Klaproth  soon  afterwards  analysed  it, 
and  proved  that  it  consisted  of  soda  supersaturated  with 
phosphoric  acid  f . Scheele  soon  after  made  the  same 
discovery  $.  The  acid  of  Mr  Proust,  then,  is  merely 
phosphat  of  soda  combined  with  phosphoric  acid,  or  su - 
perphosphat  of  soda. 

Dr  Pearson  afterwards  introduced  it  with  great  ad- 
vantage into  medicine  as  a purgative.  He  gives  the 
following  process  for  preparing  it : 

Dissolve,  in  a long-necked  matrass,  1400  grains  of  Prepare 
crystallized  carbonat  of  soda  in  2100  grains  of  water  at  tIon* 
the  temperature  of  150°.  Add  gradually  500  grains  of 
phosphoric  acid  of  the  specific  gravity  1.85.  Boil  the 
liquor  for  some  minutes  •,  and  while  it  is  boiling  hot, 
filtrate  it,  and  pour  it  into  a shallow  vessel.  Let  it  re- 
main in  a cool  place,  and  crystals  will  continue  to  form 
for  several  days.  From  the  above  quantities  of  mate- 
rials he  has  obtained  from  1450  to  1550  grains  of  cry- 
stals. Apothecaries  usually  prepare  it  from  the  super- 
phosphat  of  lime,  obtained  from  bones  by  means  of  sul- 
phuric acid.  An  excess  of  carbonat  of  soda  is  added  to 
separate  tbe  lime.  The  liquid  is  then  filtered  and  eva-, 
porated  slowly  till  it  crystallizes. 


* 'Jour,  de  Med.  1776,  Juillet. 

1 Crell’s  Annals,  1785,  i.  238. 


. f Jour,  de  Pbys.  178 1,  i.  145, 
§ Ibid  ii.  387. 
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cute  angles  are  6 o°,  and  the  obtuse  angles  120°,  ter. 
minated  by  a three-sided  pyramid.  Its  specific  gravity 
js  1.333  *•  Its  taste  is  almost  the  same  with  that  of 
common  salt.  It  is  soluble  at  the  temperature  of  60° 
in  about  four  parts  of  water,  and  in  two  parts  of  boil- 
ing water.  This  solution  crystallizes  on  cooling ; but, 
m order  to  obtain  the  salt  properly  crystallized,  the  so- 
lution should  contain  a slight  excess  of  alkali.  When 
exposed  to  the  air,  this  salt  very  soon  effloresces  on  the 
surface.  When  heated,  it  undergoes  the  watery  fusion. 
At  a red  heat  it  melts  into  a white  enamel.  Before 
the  blow-pipe  it  melts  into  a transparent  globule,  which 
becomes  opaque  on  cooling,  and  its  surface  acquires  a 
polyhedral  figure. 

It  is  not  altered  by  combustibles  nor  metals.  With 
metallic  oxides  it  enters  into  fusion,  and  forms  a co- 
loured globule  of  glass.  Sulphuric,  nitric,  and  muria- 
tic acids,  decompose  it  partially,  and  convert  it  into 
superphosphat  of  soda.  In  this  state  it  is  more  soluble 
in  water,  and  not  so  easily  crystallized  ; but  may  be 
• obtained  by  proper  evaporation  in  the  state  of  thin 
scales,  not  unlike  boracic  acid.  It  was  this  superphos- 
phat which  Proust  obtained,  and  which  he  considered 
as  a peculiar  acid. 

The  greater  number  of  earths  may  be  fused  along 
with  this  salt,  and  converted  into  glass. 

Decompose  It  is  decomposed,  according  to  Fourcroy,  by  the  fol- 
lowing  salts  : 

i.  Sulphats  of  lime,  strontian,  magnesia,  alumina,  am- 
monia,  glucina,  zirconia. 


* Hassenfratz,  Ann.  de  dim.  xxviii.  11. 
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2.  Sulphites  of  barytes,  lime,  potass,  strontian,  glu- 

cina. 

3.  Nitrats  of  barytes,  lime,  ammonia,  magnesia,  gluci- 

na,  alumina,  zirconia. 

4.  Muriats  of  barytes,  strontian,  lime,  ammonia,  mag- 

nesia, glucina,  alumina,  zirconia. 

5.  Phosphites  of  lime,  barytes,  potass. 

6.  Fluats,  borats,  and  carbonats  of  lime,  barytes,  potass. 
This  salt  has  been  applied  to  various  uses.  It  has 

been  introduced  into  medicine  as  a purgative,  and  on 
account  of  its  pleasant  taste  has  of  late  been  much  used. 
It  is  usually  taken  in  broth,  which  it  is  employed  to  sea- 
son instead  of  common  salt.  It  may  be  substituted  for 
borax  to  promote  the  soldering  of  metals.  Mineralo- 
gists employ  it  very  much  as  a flux  when  they  examine 
the  action  of  heat  on  minerals  by  means  of  the  blow- 
pipe. 

Sp.  6.  Phosphat  of  Ammonia. 

This  salt  also  exists  in  urine,  and  seeuJB  to  have 
been  first  accurately  distinguished  by  Rouelle.  It  was 
afterwards  examined  by  Lavoisier  in  1774,  and  still 
more  lately  by  Vauquelin  *.  It  is  usually  prepared  by 
saturating  with  ammonia  the  superphosphat  of  lime  ob- 
tained from  bones,  and  evaporating  the  solution  to  such 
a consistency  that  when  allowed  to  cool  the  phosphat 
of  ammonia  is  obtained  in  crystals. 

It  crystallizes  in  four-sided  prisms,  terminated  by 
•qual-sided  pyramids.  Its  taste  is  cooling,  salt,  and 
amnaoniacal.  Its  specific  gravity  is  1.8051  f.  It  is 
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soluble  in  four  parts  of  water  at  the  temperature  of 
6o°,  and  in  rather  a smaller  proportion  of  boiling  •tfa* 
ter.  It  is  by  spontaneous  evaporation  that  it  is  obtain- 
ed in  the  state  of  regular  crystals.  It  is  not  altered  by 
exposure  to  the  air.  When  heated,  it  undergoes  the 
tvatery  fusion : it  then  dries  ; but  if  the  heat  be  conti- 
nued, it  swells  up,  loses  its  alkaline  base,  and  the  acid 
melts  into  a transparent  glass.  It  is  the  only  one  of 
the  earthy  and  alkaline  phosphats  which  can  be  decom- 
posed by  heat : hence  the  reason  that  it  yields  phos- 
phorus when  distilled  along  with  charcoal. 

It  is  decomposed  by  the  sulphuric,  nitric,  and  muria- 
tic acids,  and  by  the  fixed  alkalies  and  alkaline  earths. 
It  is  capable  of  combining  with  an  additional  dose  of 
acid,  and  of  passing  into  the  state  of  a superphosphat. 
According  to  Fourcroy,  it  is  decomposed  by  the  follow- 
ing salts  : 

i.  Sulphats  of  strontian,  lime,  magnesia,  glucina,  alu- 
mina, zirconia. 


2.  Sulphites  of  barytes,  lime,  potass,  soda,  strontian, 
magnesia,  glucina. 

3 > Nitrats  of  barytes,  strontian,  lime,  magnesia,  gluci- 
na, alumina,  zirconia. 

4.  Muriats  of  barytes,  strontian,  lime,  magnesia,  gluci- 

na, alumina,  zirconia. 

5.  Phosphats  of  lime,  barytes>  strontian,  magnesia,  pot- 

ass, soda. 

(>.  Fluats  and  borats  of  lime,  barytes,  strontian,  magne- 
sia, potass,  soda. 

7*  Carbonats  of  barytes,  strontian,  lime,  potass,  soda. 

"Ibis  salt  is  much  employed  as  a flux  in  experiments 
with  the  blow-pipe.  It  enters  also  as  an  ingredient  in 
those  coloured  glasses  called  pastes,  which  are  made  in 
imitation  of  precious  stones. 
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Sp.  7.  Pbosphat  of  Magnesia. 


This  salt  was  first  formed  by  Bergman  in  1775*., 

It  has  been  lately  examined  with  much  precision  by  the 
celebrated  and  indefatigable  Vauquelin  f.  It  is  usual- 
ly prepared  by  dissolving  carbonat  of  magnesia  in  phos-  . 
phoric  acid,  and  evaporating  the  solution  gradually  till 
the  salt  crystallizes  ; but  it  may  be  obtained  in  large 
regular  crystals  by  a much  easier  process  first  pointed 
out  by  Fourcroy.  Mix  together  equal  parts  of  the  a-  Prepata- 
queous  solutions  of  phosphat  of  soda  and  sulphat  of 
magnesia.  No  apparent  change  takes  place  at  first  j 
but  in  a few  hours  large  transparent  crystals  of  phos- 
phat of  magnesia  make  their  appearance  in  the  solu- 
tion. 

Its  crystals  are  six-  sided  prisms,  the  sides  of  which 
are  unequal.  It  has  very  little  taste;  however,  it  leaves 
a cooling  and  sweetish  impression  upon  the  tongue.  Its 
specific  gravity  is  1.5  489  It  requires  about  15  parts 
of  cold  water  to  dissolve  it.  It  is  more  soluble  in  boil- 
ing water,  but  it  crystallizes  in  . part  as  the  solution 
cools.  When  exposed  to  the  air  it  loses  its  water  of 
crystallization,  and  falls  down  in  powder.  When  heat- 
ed moderately,  it  is  also  reduced  to  a dry  powder.  In 
a high  temperature,  it  melts  into  a transparent  glass. 
According  to  Fourcroy,  it  is  decomposed  by  the  follow- 
ing salts: 

1.  Sulphats  of  glucina,  zirconia. 

2.  Sulphites  of  barytes,  lime,  potass,  soda,  glucina. 


\ 


* Ofusc.it  390.  f Jour,  de  V E colt  Poly  technique. 
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SivitLnll.  3*  of  barytes,  strontian,  lime. 

u"'~v~— ^ 4-  Muriats  of  barytes,  strontian,  glucina,  zirconia. 

5.  Phosphites  of  lime,  barytes,  strontian,  potass,  soda, 

6.  Fluats  of  lime,  barytes,  strontian,  potass,  soda,  am- 

monia. 

7.  Borats  of  lime,  barytes,  strontian,  potass,  soda. 

8.  Carbonats  of  strontian,  lime,  potass,  soda. 

This  salt  has  riot  been  applied  to  any  use. 

Sp.  8.  Phosphat  of  Glucina . 

This  salt  has  been  oilly  examined  by  Vauquelin.  He 
obtained  it  by  pouring  phosphat  of  soda  into  the  solu- 
tion of  glucina  in  sulphuric,  nitric,  or  muriatic  acids. 
Properties.  The  phosphat  of  glucina  is  precipitated  in  the  state  of  a 
white  powder.  It  does  not  crystallize.  It  is  tasteless, 
insoluble  in  water,  unless  it  contains  an  excess  of  acid, 
and  not  liable  to  be  altered  by  exposure  to  the  air. 
When  heated  strongly,  it  melts  into  a transparent  glass. 
According  to  Fourcroy,  it  is  decomposed  by  the  follow- 
ing salts  : 

jDeeompo-  j.  Sulphats  of  alumina,  zirconia. 

2.  Sulphites  of  barytes,  lime,  potass,  soda,  strontian* 

ammonia,  magnesia. 

3.  Nitrats  of  alumina,  zirconia. 

4.  Muriats  of  alumina,  zirconia. 

5.  Phosphites,  fluats,  and  borats  of  lime,  barytes,  stron- 

tian, magnesia,  potass,  soda,  ammonia. 

6.  Carbonats  of  barytes,  strontian,  lime,  potass,  soda, 

ammonia. 

Sp.  9.  Phosphat  of  Tttria. 

This  salt  has  only  been  formed  by  Vauquelin.  When 
the  solution  of  phosphat  of  soda  is  mixed  with  the  sul,- 
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phat,  nitrat,  or  muriat  of  yttria,  phosphat  of  yttria  pre- 
cipitates in  gelatinous  flakes  *. 

Sp.  10.  Phosphat  of  Alumintu 

This  salt  has  only  been  examined  by  Fourcroy.  It 
luay  be  formed  by  saturating  phosphoric  acid  with  alu- 
mina. It  is  a tasteless  powder,  insoluble  in  Water. 
Dissolved  in  phosphoric  acid,  it  yields  a gv itty  powder, 
and  a gummy  solution,  which  by  heat  is  converted  in- 
to a transparent  glass. 

Sp.  it.  Phosphat  of  Zirconia* 

Unknown  f . 

Sp-  I 2.  Phosphat  of  Soda-and- ammonia. 

Though  this  salt,  known  to  chemists  by  the  names 
of  microcotmic  salt,  and  fusible  salt  of  urine,  was  extract- 
ed from  mine,  and  examined  much  sooner  than  any  of 
the  other  phosphats,  it  wa3  long  before  philosophers 
were  able  to  form  precis^  notions  concerning  its  nature, 
or  even  to  obtain  it  in  a state  of  purity.  This  indeed 
could  not  be  expected  till  the  phosphats  of  soda  and  of 
ammonia  had  been  accurately  examined,  and  their  com- 
position ascertained.  Fourcroy  was  the  first  who  gave 
a precise  account  of  the  proportion  of  its  component 
partsj.  According  to  him,  it  is  composed  of 


* Ann-  dd  Chim.  xxxvi.  ij8. 

+ Phosphoric  acid  and  silica,  when  mixed  together  and  exposed  to 
itrong  heat,  melt  into  a beautiful  transparent  glass,  which  is  not  decom 
posed  either  by  the  action  of  acids  or  of  alkalies.  Fourcroy  has  giver 
th,s  compound  the  name  of  phosphat  of  silica;  hut  it  is  essentially  diffc 
rent  from  salts,  and  ought  therefore  rather  to  be  ranked  among  sem, 
other  class  of  bodies. 

1 Ain.  ,/e  Chim.  vii.  183. 
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32  acid 

24  soda 
19  ammonia 

25  water 

loo 

The  properties  of  this  salt  ‘ are  nearly  those  of  the 
phosphat  of  soda  and  phosphat  of  ammonia  joined  toge- 
ther. It  answers  better  than  the  first  of  them  as  a flux; 
because  the  heat  soon  drives  off  the  ammonia,  and  leaves 
an  excess  of  acid.  Its  specific  gravity  is  1.509*.  When 
exposed  to  the  air,  this  salt  effloresces,  and  gradually  lo- 
ses its  ammonia  ; a fact  first  observed  by  the  Duke  de 
Chaulnes. 

Sp.  13.  Phosphat  of  Ammonia- and-magnesia. 

This  salt  was  first  discovered  by  Fourcroy,  who 
found  it  in  a calcalous  concretion  formed  in  the  colon 
of  a horse.  Since  this  discovery  Fourcroy  and  Vau- 
quelin  have  observed  it  also  in  human  urine. 

It  might  be  prepared  by  mixing  together  solutions  of 
the  phosphats  of  ammonia  and  of  magnesia  in  water ; 
the  triple  salt  immediately  precipitates  in  the  state  of 
a white  powder.  ^When  urine  is  allowed  to  remain  a 
considerable  time  in  close  vessels,  it  often  deposites  this 
salt  in  regular  crystals  on  the  sides  and  bottom  of  the 
vessel.  These  crystals  are  small  four-sided  prisms,  ter- 
minated by  irregular  four-sided  pyramids.  This  salt 
is  tasteless,  scarcely  soluble  in  water,  and  not  liable  to 
be  altered  by  exposure  to  the  air.  When  heated,  it 
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falls  to  powder,  gives  out  its  ammonia,  and  in  a high 
temperature  melts  into  a transparent  globule.  When 
distilled  along  with  charcoal,  phosphorus  is  obtained. 

Fourcroy  has  ascertained  that  the  phosphat  of  ammonia- 
and-magnesia,  obtained  from  the  calculous  concretions 
of  the  horse,  is  composed  of 

33  phosphat  of  ammonia 
33  phosphat  of  magnesia 
33  water 

99 

Genus  VI.  Carbonats. 

Though  several  of  the  carbonats  were  in  the  hands 
of  chemists,  and  employed  by  them  in  the  greater  num- 
ber of  their  experiments,  their  nature  and  composition 
were  entirely  unknown  till  Dr  Black  discovered  it  in 
1756.  Since  that  time  they  have  been  examined  with 
great  attention  by  almost  every  chemist  of  Eminence  5 
so  that  at  present  no  family  of  salts  is  more  accurately 
understood.  The  first  treatise  on  the  subject  was  pub- 
lished by  Bergman  in  1774*. 

They  may  be  distinguished  by  the  following  proper- 
ties : 

1.  When  sulphuric  acid  is  poured  upon  them,  they  Character*, 
effervesce  violently,  emitting  carbonic  acid  gas. 

2.  When  heated  strongly,  the  carbonic  acid  is  driven 
off,  and  the  base  remains  in  a state  of  purity.  Some 
carbonats  require  a very  violent  heat  to  be  thus  decom* 


* Oput  i.  I. 
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Division !f [.  P03e(^>  but  the  operation  is  facilitated  by  mixing  them 
v— ~ with  charcoal,  which  decomposes  the  carbonic  acid  al- 
together. 

3 . The  alkaline  carbonats  tinge  vegetable  blues  green, 
and'  have  an  alkaline  taste. 

4.  The  alkaline  carbonats  are  soluble  in  water  ; the 
carbonats  with  bases  of  the  alkaline  earths  are  insolu- 
ble, but  dissolve  when  an  excess  of  acid  is  added. 

Many  of  these  salts  exist  native  j but  they  may  be 
all  formed  artificially  by  dissolving  or  diffusing  the  base 
in  water,  and  making  carbonic  acid  gas  pass  into  the  li- 
quid till  it  be  saturated.  At  present  ii  species  are 
known,  several  of  which  are  capable  of  combining  with 
an  excess  of  acid. 

S/>.  1.  Carhonat  of  Barytes. 

history.  This  salt  seems  to  have  been  first  examined  by  Berg- 

man. Withering  first  found  it  native  in  1783.  Hence 
it  has  received  the  name  of  Witherite.  Since  that  time 
it  has  been  examined  by  Kirwan,  Klaproth,  Hope,  Pel- 
letier, Fourcroy,  and  Vauquelin,  and  its  properties  de- 
scribed with  great  precision.  It  may  be  prepared  arti- 
ficially by  exposing  barytes  water  to  the  open  air,  or 
by  passing  carbonic  acid  gas  into  it.  In  either  case 
the  carbonat  precipitates  in  the  state  of  a white  pow- 
der. 

Properties.  It  is  found  native  crystallized.  Its  crystals  have 
been  observed  to  assume  four  different  forms  ; double 
six-sided  and  double  four-sided  pyramids,  six-sided  co- 
lumns terminated  by  a pyramid  with  the  same  number 
of  faces,  and  small  radiated  crystals  half  an  inch  in 
length,  and  very  thin,  appearing  to  be  hexagonal  prisms, 
rounded  towards  the  point.  It  has  no  sensible  taste  ; 
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yet  it  is  poisonous.  Its  specific  gravity,  when  native, 
is  4.331  ; when  prepared  artificially,  it  scarcely  exceeds 

3.763. 

Cold  water  dissolves  part,  and  boiling  water 

part  of  this  salt.  Water  saturated  with  carbonic 
acid  dissolves  part*.  It  is  not  altered  by  exposure 
to  the  air.  It  is  decomposed  by  the  application  of  a 
very  violent  heat  f,  either  in  a black  lead  ciucible,  01 
when  formed  into  a paste  with  charcoal  powder. 

According  to  Dr  Withering,  native  carbonat  of  ba- 
rytes is  composed  of  20  acid 

80  barytes 

xoo 

Artificial  carbonat  is  composed,  according  to 


Pelletier, 

Bergman. 

• 2 1*  - - - 

62  . . . 

16  . . . 

ICO 

ioo:): 

According  to  Kirwan,  the  natural  or  the  artificial  ig- 

pited  is  composed  of  2 2 acid 

78  barytes 

ioo§ 

This  may  be  considered  as  the  same  with  Wither- 
ing’s determination. 

According  to  Fourcroy,  it  is  decomposed  by  the  fol- 
lowing salts : 
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* Fourcroy,  Ann.  de  Chim.  iv.  64.  f Dr  Hope.  J Ofusc.  i.  22. 
J Nicholson’s  Journal , iii.  21$. 
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pivWonl'i.  X‘  Sulphats  of  ammonia,  magnesia,  glucina,  alumina, 
' zirconia. 

2.  Sulphites  of  lime,  ammonia,  magnesia,  glucina,  alu- 

mina, zirconia. 

3.  Nitrats  of  strontian,  lime. 

4.  Muriat  of  alumina. 

5.  Superphosphat  of  lime. 

6.  Phosphats  of  strontian,  potass,  soda,  ammonia,  glu- 

cina, alumina. 

This  salt  is  too  scarce  at  present  to  be  employed  for 
any  useful  purpose,  otherwise  it  might  serve  for  the 
preparation  of  barytes,  and  might  be  introduced  into 
manufactures  with  much  advantage. 


History. 


Properties. 


$p-  2.  Carhonat  of  Strontian* 

This  salt  was  first  pointed  out  as  distinct  from  the 
last  species  by  Crawford  in  1 790  ; but  we  are  indebted 
for  the  first  accurate  account  of  it  to  Dr  Hope.  His 
experiments  were  afterwards  confirmed  by  Klaproth, 
Pelletier,  Fgurcroy,  and  Vauquelin.  It  has  been  found 
native  at  Strontian  in  Argyleshire  and  at  Leadhills  in 
Scotland.  It  is  usually  in  striated  semitransparent 
masses,  which  have  a greenish  tinge. 

It  has  no  taste.  It  requires  1536  parts  of  boiling 
water  to  dissolve  it  *.  Its  specific  gravity  is  about  3.66. 
It  is  not  altered  by  exposure  to  the  air.  When  strong- 
ly heated  in  a crucible,  its  loses  part  of  its  acid  ; anc} 
this  decomposition  is  facilitated  by  making  it  into  3 
paste  with  charcoal  powder.  According  to  Saussure, 
it  melts  into  a transparent  glass  at  the  temperature  of 


**  Hope,  Tram.  Ed  in.  jv.  J, 
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2*6°  Wedgewood  • When  thrown  in  powder  on 
burning  coals,  it  produces  red  sparks. 

Its  component  parts  are,  according  to 

_ ..  . 


Hope, 

30.a 

61.2, 

8.6 


Pelletier, 

. 30  . . 

• 62  • • 

. 8 . • 


Klaproth  and  Kirwan, 
30.0  acid 
69.5  strontian 
0.5  water 


100.0  f 


iooj 


Hitherto  it  has  not  been  applied  to 


ioo. o 5 


anv  use. 


Cotnpoei* 

tion. 


Sp.  3.  Carbonat  of  Lime- 

This  substance,  under  the  names  of  marble,  chalk, 
lime-stone,  &c.  exists  in  great  abundance  in  nature, 
variously  mixed  with  other  bodies.  It  is  perhaps  t e 
most  important  and  most  generally  used  of  all  the  salts, 
unless  we  except  muriat  of  soda.  Its  property  of 
course  have  been  very  completely  investigated. 

It  is  often  found  crystallized  and  perfectly  transparent. 
The  primitive  form  of  its  crystals  is  the  rhomboidal  prism 
with  angles  of  101-  and  78^.  Its  integrant  parti- 
cles  have  the  same  form.  But,  besides  the  primitive,  no 
less  than  42  varieties  of  its  crystals  have  been  discover- 
ed and  described  by  mineralogists.  It  has  scarcely  any 
taste.  Its  specific  gravity  is  about  2.7.  It  is  insoluble 
in  pure  water  •,  but  water  saturated  with  carbon*?  acid 
dissolves  TTV*  Part  of  k i from  dissolution  it  gradual- 
ly precipitates  as  the  acid  leaves  it  in  the  form  of  a white 


Properties. 


* Jcur.  dc  Ply.  xlv.  24-  \ HoPc>  ‘2W-  EJi"'  ^ 8 

1 Ann.  de  Cbim.  X*i.  135- 
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J,  f ,S  ,ncreased  : B«  to  separate  the  acid  com 
pLtely,  a pretty  strong  heat  is  required. 
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component  parts  are, 
Bergman, 

34  ......  . 

according  to 

Kirwan, 

' 55  • ...  . 

II  . . . 



100  f 

ioo| 

By  my  analysis  it  is  composed  of  J0  acid  and  water  S. 

50  lime 


100 


Iow“s!  '°  F°UrCr05r’  * iS  deCOmpOSed  b?  tb'  ** 

Szi!coh.da.°f  aram0nla’  magn's!a>  glUClna> 

’■  pclpIT  of  ™gn=sia,  glucina,  alumina,  zirconia. 
a-  hospha  s of  stront, an,  potass,  soda,  ammonia,  mag. 

nesia,  glucina,  alumina,  zirconia. 

4.  Fluats  of  barytes,  strontian,  magnesia, 


glucina,  alumina,  zirconia. 


ammonia. 


J-  Borajs  of  magnesia,  ammonia,  glucina,  alumina, 
coma  ’ 


zir- 
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Sp.  4,  Carbonat  of  Potass.  ,rhaP- |JL, 

This  salt  has  been  long  known  to  chemists  *,  and  be- 
fore its  composition  was  ascertained  by  Black,  it  was 
characterized  by  a great  variety  of  names,  according  to 
the  manner  of  preparing  it ; such  as  fixed  nitre,  salt  of 
tartar,  fossil  alkali,  &c.  Its  properties  were  first  de- 
scribed with  precision  by  Bergman  in  1774  *-  There 
are  two  varieties  of  it ; the  first  neutralr  the  second  con- 
taining an  excess  of  alkali. 

Variety  I.  Carbonat.— This  salt  is  formed  by  satu-  Prepay 
rating  potass  with  carbonic  acid,  which  is  best  done  by 
expofing  a solution  of  potass  for  a considerable  time  to 
carbonic  acid  gas,  or  by  caufing  the  gas  to  pass  through 
a solution  of  potass  till  it  refuses  to  absorb  any  more. 

The  potass  of  commerce  is  a compound  of  this  salt  and 
pure  potass:  by  distilling  it  with  solid  carbonat  of  am- 
monia, i'c  maybe  also  converted  into  carbonat  of  potass  f. 

When  potass  is  saturated  with  carbonic  acid  it  always 
lets  fall  a quantity  of  silica.  Mr  Pelletier  has  proposed 
this  saturation  as  the  best  methpd  of  purifying  potass 
from  that  earth. 

It  crystallizes,  according  to  Bergman,  in  quadrangu-  Properties, 
lar  prisms  ; the  apexes  of  which  are  composed  of  two 
inverted  triangles,  converging  like  the  roof  of  a house  ;f. 
According  to  Pelletier  they  are  tetrahedral  rhomboidal 
prisms,  with  dihedral  summits.  The  complete  crystal 
has  eight  faces,  two  hexagons,  two  rectangles,  and  four 
rhombs  $.  It  has  an  alkaline,  but  not  a caustic  taste. 


* Op  use.  i.  13- 
| Bergman,  j.  13. 


| Berthollet. 

§ Ann.  de  Cbim.  xv.  29. 
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Its  specific  gravity  is  2.01 2 *.  It  is  soluble  at  the  com- 
mon temperature  in  about  four  times  its  weight  of  wa- 
ter +•  Boiling  water  dissolves  'the  of  its  weight  J.  Al- 
cohol, even  when  hot,  does  not  dissolve  above  * * 
parts  of  it.  Pelletier  has  observed,  that  when  the  ^crvs. 
tallized  salt  is  dissolved  in  boding  water,  bubbles  of 
carbonic  acid  gas  are  emitted.  It  is  not  altered  by  ex- 
posure .0  the  air.  Heat  deprives  i,  of  i,s  water  and 
part  of  its  acid,  but  docs  not  decompose  it  completely. 
Tbe  constituents  of  this  salt  are,  according  to 

Pelletier, 

43  acid 

• r ...  40  potass 
17  water 


Bergman, 

Kirwan, 

20 

48 

32  ...  . 

IOO 

IOO§ 

loo 


Bergman  seems  to  have  under-rated  the  quantity  of  acid, 
from  not  observing  that  the  salt  loses  part  of  its  acid 
when  heated.  Even  solution  \n  hot  water  produces  a 
separation  of  some  acid. 


It  is  decomposed  by  the  following  salts  s 

1.  Almost  all  salts  with  earthy  bases. 

2.  Almost  all  salts  with  metalline  bases. 

3.  All  ammoniacal  salts. 

Variety  II.  Subcar  bornt— The  potass  of  commerce 
always  occurs  in  this  state  ; but  its  purity  is  destroyed  by 
22“*'  the  mixture  of  foreign  substances.  Pure  subcarbonat  of 
potass  may  be  procured  by  heating  neutral  carbonat. 


* Hassenfratz,  Ann.  de  Chim.  xxviii.  ia. 
t Bergman,  i.  13. 

§ Nicholson  s “Journal , iii,  2IJ, 
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prepared  by  the  proeess  above  described,  to  redness,  m 
a stiver  or  platinum  vessel  A portion  of  the  carbon, e 
acid  is  driven  off.  The  subcarbonat  thus  formed  has  a 
stronger  alkaline  taste,  and  acts  with  more  energy  on 
animal  and  vegetable  substances  than  the  carbon*. 

When  exposed  to  the  air  it  soon  deliquesces,  and  as- 
sumes the  consistency  of  an  oil.  It  does  not  a sor 
carbonic  acid  sensibly  from  the  atmosphere  •,  the  excess 
of  alkali  cannot  be  removed  by  treating  the  salt  wit  a - 

cohol. 

The  potass  of  commerce  is  always  in  the  state  of  a Compos^ 
subsalt}  but  it  contains  likewise  several  foreign  sub-  ass  cf  com* 
stances  which  render  the  proportion  of  alkali  variable,  nwrce, 

Mr  Kirwan  has  pointed  out  a very  ingenious  method  of 
detecting  the  quantity  of  alkali  in  any  specimen,  by  the 
property  which  it  has  of  precipitating  alumina  from 
alum  } and  Vauquelii)  has  published  a still  simpler  me- 
thod, namely,  the  quantity  of  nitric  acid  of  a given 
density  necessary  to  saturate  a given  weight  of  the  salt. 

From  his  experiments,  we  learn  that  the  following 
kinds  of  this  salt  known  in  commerce  contain  the 
following  ingredients  *. 
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5.  Carbonat  of  Soda . 

T H 1 is  salt  has  been  also  very  long  known.  ,t  ,s  us^ 
ally  obtained  by  burning  and  lixiviating  marine  plant 
or  by  decomposing  common  salt.  I„  commerce  it  is 
usually  called  banlla  or  „da.  In  that  state,  however 

‘Vs  n ,Ver,  •,'rfectlJr  Purei  Containing  always  a mixture 
of  earthy  bodies,  and  usually  common  salt;  but  it  may 
be  purtfied  by  dissolving  it  in  a small  portion  of  water 
filtrating  the  solution,  and  evaporating  it  at  a low  heat’ 

skimming  off  the  crystals  of  common  salt  as  they  form’ 
on  its  surface.  1 

. It:  C17stallizes  in  decahedrons  composed  of  two  four- 
sided pyramids  applied  base  to  base,  and  having  their 
apexes  truncated  * It  is  often  obtained  also  in  large 
transparent  flat  rhomboidal  prisms.  Its  taste  is  pre- 
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cisely  the  same  with  that  of  the  carbonat  of  potass. 
Its  specific  gravity  is  i 3591  *•  ^ s^uble  in  two 

parts  of  cold  water,  and  in  rather  less  than  its  weight 
of  boiling  water.  So  that  when  dissolved  in  boiling 
water  it  crystallizes  as  the  solution  cools.  When  expo- 
sed to  the  air,  it  very  soon  effloresces  and  falls  to  pow- 
der. When  heated,  it  very  soon  undergoes  the  watery 
fusion,  and  the  soda  of  commerce  sometimes  contains  so 
much  water  of  crystallization,  that,  when  once  melted, 
it  remains  permanently  liquid.  If  the  heat  be  continued, 
the  water  gradually  evaporates,  and  the  salt  becomes 
dry.  In  a red  heat  it  melts  into  a transparent  liquid. 
A very  violent  heat  drives  off  the  greater  part  of  its  acid. 
This  salt  melts  rather  more  easily  than  carbonat  of  pot- 
ass, and  for  that  reason  it  is  preferred  by  glass  manu- 
facturers. 

Its  component  parts  are,  according  to 

Kirwan, 

Bergman,  In  crystaifc  Dry. 

xS  •••#••  i 4.42  .....  40.05  acid 

21.58 59.86  soda 

64  ......  6^>oo  .....  o water 

100  f 100.00  99-91  t 

It  is  decomposed  by  the  same  salts  which  decompose 
the  carbonat  of  potass. 
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Sp.  6.  Carbonat  of  Magnesia . 

This  salt  has  been  long  known.  Its  composition 
was  first  discovered  by  Dr  Black  : afterwards  its  pro- 
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Dtos'ioJn,  Perties  were  investigated  by  Bergman  and  Butihi,  an* 
more  lately  by  Fourcroy  *.  There  are  two  varieties  of 
it.  The  first  neutral ; the  second  containing  an  ex- 
cess of  base. 

Prepara-  It  is  usually  prepared  by  mixing  together  the  solutions 
of  sulphat  of  magnesia  and  carbonat  of  potass,  and 
applying  heat.  The  carbonat  cf  magnesia  precipitates 
in  the  state  of  a white  powder.  Such  is  the  state  in 
which  it  occurs  in  commerce  ; but  Fourcroy  has  shown 
that  in  that  state  it  does  not  contain  a maximum  of  acid. 
It  is  therefore  only  a sub-carbonat ; hut  it  may  be  sa- 
turated with  acid  by  diffusing  it  in  water,  and  making 
carbonic  acid  gas  to  pass  through  it  till  it  be  saturated 
and  dissolved.  It  then  forms  by  evaporation  crystals^ 
which  are  transparent  hexagonal  prisms,  terminated  by 
a hexagonal  plane  : these  are  partly  in  groups  and  part- 
ly solitary  : their  length  is  about  six  lines,  their  breadth 
two  -J-.  But  it  may  be  obtained  in  more  regular  crystals, 
by  mixing  together  1 25  parts  of  sulphat  of  magnesia 
and  136  parts  of  carbonat  of  soda,  both  dissolved  in 
water,  filtering  the  solution,  and  then  setting  it  aside. 
In  two  or  three  days  the  carbonat  of  magnesia  crys- 
tallizes. 

1 

Properties.  1 his  salt  has  little  taste.  Its  specific  gravity,  when 
in  powder,  is  only  0.2941  according  to  Hassenfratz  ;£. 
It  is  soluble,  when  crystallized,  in  48  parts  of  cold  wa- 
ter; but  when  in  powder,  it  requires  at  least  ten  times 
as  much  ; and  what  is  very  remarkable,  it  is  more  so- 
luble in  cold  than  in  hot  water,  impregnated  with  car- 
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tonic  acid  *.  When  exposed  to  the  air,  it  effloresces, 
and  falls  into  powder  When  heated,  it  decrepitates, 
falls  into  powder,  and  is  decomposed. 

The  constituents  of  this  salt  are,'  according  to 


Fourcroy  and  Kirwan, 

Bergman, 

Butini, 

5° 

25 

25 

100 

IOO 

IOO 
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But  the  carbonat  examined  by  the  two  last  chemists 
does  not  seem  to  have  been  fully  saturated  with  acid. 
The  magnesia  of  commerce,  according  to  Kirwan,  is 
composed  of  34  acid 

45  magnesia 
21  water 


100  f 

According  to  Fourcroy,  carbonat  of  magnesia  is  de- 
composed by  the  following  salts  : 

1.  Sulphats  of  ammonia,  glucina,  alumina,  zirconia. 

2.  Sulphats  of  glucina,  alumina,  zirconia. 

3.  Nitrats  and  muriats  of  glucina,  alumina,  zirconia 

4.  Super-phosphat  of  lime. 

5.  Phosphats  of  alumina,  zirconia. 

This  salt  is  employed  in  medicine  to  remove  acidity 
in  the  stomach. 


% 
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7-  Carlo nat  of  Ammonia* 

'I  His  salt  has  been  also  long  known.  It  is  often  ob- 
tained by  distilling  animal  substances ; but  for  chemi- 
cal purposes  it  is  best  to  extract  it  from  sal  ammoniac 
by  means  of  chalk.  1 wo  parts  of  chalk  and  one  part 
of  sal  ammoniac,  both  as  dry  as  possible,  are  mixed  to- 
gether and  put  into  an  earthen  retort.  On  the  applica- 
tion of  a sufficient  heat,  carbonatof  ammonia  sublimes, 
and  is  obtained  in  the  state  of  a white  crystallized 
mass. 

Its  crystals  are  so  small  and  so  irregular,  that  it  is 
difficult  to  ascertain  their  form.  According  to  Berg- 
man, they  may  be  obtained  in  octahedrons,  having,  for 
the  most  part,  their  two  opposite  apexes  truncated  *. 
The  taste  and  smell  of  this  salt,  though  much  weaker, 
are  the  same  with  those  of  pure  ammonia.  Like  all  the 
alkaline  carbonats  it  converts  vegetable  blues  to  green, 
precisely  as  pure  alkalies  do.  Its  specific  gravity  is 
e.c/66- J-.  It  is  soluble  in  rather  less  than  twfice  its  weight 
of  cold  water.  Hot  water  dissolves  its  own  weight  of  it. 
Boiling  water  cannot  be  employed,  because  at  that  heat 
the  carbonat  is  volatilized.  It  is  not  altered  by  expo- 
sure to  the  air.  When  heated  it  evaporates  very  spee- 
dily. 

Mr  Davy  has  shown  that  the  component  parts  of  this 
salt  vary  exceedingly,  according  to  the  manner  of  pre- 
paring it.  The  lower  the  temperature  at  which  it  is 
iormed  the  greater  is  the  proportion  of  acid  and  water 
which  it  contains  -t  and,  on  the  other  hand,  the  higher 
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the  temperature  the  greater  is  the  proportion  of  alkali.  Chap. 
Thus  carbonat  of  ammonia,  formed  at  the  temperature 
of  300°,  contained  more  than  50  per  cent . of  alkali, 
while  carbonat  formed  at  6o°,  contained  only  20  per 
cent.  *.  According  to  Bergman,  it  is  composed  of 
4 c acid 

v 

43  ammonia 
12  water 

roof 

According  to  Kirwan,  it  is  composed  of  about  13 
parts  of  acid  combined  w’ith  six  of  slkalij. 

It  is  decomposed,  according  to  Fourcroy,  by  the  fol- 
lowing salts  : 

1.  Sulphats  of  lime,  glucina,  altimina,  zirconia. 

2.  Sulphites,  muriats,  and  fluats  of  barytes,  lime,  stron- 

tian,  magnesia,  glucina,  alumina,  zirconia. 

3.  Nitrat  of  barytes. 

4.  Superphosphat  of  lime. 

This  salt  is  employed  in  medicine,  and  in  the  maml® 
facture  of  sal  ammoniac. 

Sp.  8.  Carbonat  of  Ammonia- and-magnesia. 

This  salt  has  been  formed  by  Fourcroy  by  mixing 
together  aqueous  solutions  of  its  two  component  parts; 
but  its  properties  have  not  been  examined. 

Sp.  9.  Carbonat  trf  Ittrict. 

This  salt  may  be  formed  by  precipitating  yttria  frorfi 


* Davy’s  Researches , p.  75. 
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VoL.  II.  C C 


f Bergman,  i. ». 


402 


SALT'S. 


Book  II.  its  solution  in  acids  by  means  of  an  alkaline  carbonat. 
Division  II.  J 

It  is  a white,  tasteless,  insoluble  powder,  composed  of 

1 8 acid 

55  yttria 

27  water 


. 100  * 

Sp.  to.  Carbonat  of  Glucina. 

This  salt  has  only  been  examined  by  Vauquelin.  It 
may  be  prepared  by  precipitating  glucina  from  its  so- 
lution in  acids  by  an  alkaline  carbonat,  and  washing  the 
precipitate  sufficiently  with  pure  water.  It  is  in  the 
state  of  a white  soft  powder,  which  has  a greasy  feel. 
It  has  no  taste,  and  is  exceedingly  light.  It  is  inso- 
luble in  water,  not  altered  by  exposure  to  the  air,  ea- 
sily decomposed,  and  its  acid  driven  off  by  the  applica- 
tion of  heat. 

Sp.  II.  Carbonat  of  Alumina. 

The  greater  number  of  chemists  have  agreed  in  ad- 
mitting the  existence  of  this  salt.  Bergman  could  not 
form  it  artificially ; but  he  allows  its  existence,  because 
when  alum  is  mixed  with  an  alkaline  carbonat,  part  of 
the  alumina  remains  in  solution  till  the  carbonic  acid 
be  driven  off  f.  Saussure  has  shown  lately,  that  water 
saturated  with  carbonic  acid,  is  capable  of  dissolving 
alumina ; but  this  combination  is  destroyed  by  simple 
exposure  to  the  air.  Carbonat  of  alumina,  then,  can- 
not exist  in  a dry  state.'  What  had  been  considered  for- 
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meriy  as  a dry  carbonat  is  a triple  compound  of  aiumi-  Chap.  tlT^ 
na,  carbonic  acid,  and  the  alkali  employed  in  precipita-  ' 
ting  the  alumina*. 

Sp.  1 2.  Carlonnt  of  Zirconia . 

This  salt  was  formed  by  Vauquelin  by  precipitating 
zirconia  from  its  solution  in  acids  by  alkaline  carbonats. 

It  is  a tasteless  white  powder,  composed  of 

44.5  acid  and  water 

55.5  zirconia 

160.6 

When  heated  the  carbonic  acid  is  driven  off.  This 
salt  is  soluble  in  the  three  alkaline  carbonats,  and  seems 
to  form  with  them  triple  salts. 

Genus  VII.  Nitrats. 

The  most  important  of  the  nitrats  have  been  long 
known ; and  iu  consequence  of  the  singular  properties 
which  they  possess,  no  class  of  bodies  has  excited  great- 
er attention,  or  been  examined  with  more  unwearied  in- 
dustry. They  may  be  distinguished  by  the  following 
properties  : 

1.  Soluble  in  water,  and  capable  of  crystallizing  by  character* 
cooling. 

2.  When  heated  td  redness,  along  with  combustible 
bodies,  a violent  combustion  and  detonation  is  produ- 
ced. 


* Jour,  de  Pbys.  lii.  381 
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3.  Sulphuric  acid  disengages  from  them  fumes,  which 
have  the  odour  of  nitric  acid. 


4.  When  heated  along  with  muriatic  acid,  oxymu- 
riatic  acid  is  exhaled. 

5.  Decomposed  by  heat,  and  yield  at  first  oxygen 

gas.  , 

The  nitrats  at  present  known  are  twelve  in  number. 
Few  of  them  combine  with  an  excess  of  acid  or  of 
base,  so  that  there  are  hardly  any  siipernitrats  or  sub- 
nitrats. 


I.  Nit  fat  of  Baryta. 


This  salt  was  formed  immediately  after  the  disco- 
very of  barytes.  Vauquelin  has  lately  added  consider- 
ably to  our  knowledge  of  its  properties.  It  is  usually 
prepared  by  dissolving  native  carbonat  of  barytes  in  ni- 
tric acid,  or  by  decomposing  sulphuret  of  barytes  by 
means  of  nitric  acid,  and  evaporating  the  filtered  solu- 
tion till  the  nitrat  crystallizes. 

Properties.  Its  crystals  are  regular  octahedrons,  and  often  they  ad- 
here to  each  other  in  the  form  of  stars.  Sometimes  it 
is  obtained  in  small  brilliant  plates.  Its  specific  gra- 
vity is  29.149*.  It  is  very  easily  reduced  to  powder. 

Its  taste  is  hot,  acrid,  and  austere.  It  is  soluble  in 
12  parts  of  water  at  the  temperature  of  6o°,  and  in  a- 
bout  3 or  4 parts  of  boiling  water.  As  the  solution 
cools  the  salt  may  be  obtained  in  crystals.  It  is  but 
little  altered  by  exposure  to  the  a’.r.  When  thrown  on 
burning  coals  it  decrepitates,  undergoes  a kind  of  fu- 
sion, and  then  becomes  dry.  When  strongly  heated  in 


* Hassenfratz,  Ann.  de  Ctim.  xxviii.  IJ. 
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a crucible,  the  whole  of  the  acid  is  gradually  driven  Chap.  in. 
off,  and  the  barytes  remain  pure.  It  detonates  less  vio- 
lently with  combustibles  than  most  of  the  other  ni- 
trats. 

Its  constituents  are,  according  to  Composi- 

Fourcroy  and  Vauquelin,  **  Kirwan,  ■ don. 

38 32  acid 

50 57  barytes 

12 n water 

100  100* 

According  to  Fourcroy,  it  is  decomposed  by  the  fol- 
lowing salts : 

1.  All  the  sulphats  and  sulphites. 

2.  Phosphats,  borats,  and  carbonats  of  potass,  soda,  am- 

monia. 

3.  Oxalat  of  ammonia. 

This  salt  has  been  used  to  detect  the  presence  of  sul- 
phuric acid,  especially  when  it  is  suspected  in  nitric 
acid  ; which  it  does  by  the  precipitate  of  sulphat  of  ba- 
rytes, that  immediately  falls.  It  is  formed  also  in  or- 
der to  extract  from  it  barytes  in  a state  of  purity. 

Sp.  2.  Nitrat  of  Potass  or  Nitre. 

As  this  salt,  known  also  by  the  name  of  saltpetre , is  History 
produced  naturally  in  considerable  quantities,  particu- 
larly in  Egypt,  it  is  highly  probable  that  the  ancients 
were  acquainted  with  it;  but  scarcely  any  thing  certain 
can  be  collected  from  their  writings.  If  Pliny  mentions 
it  at  all,  he  confounds  it  with  soda,  which  was  known 
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pivisioiUI  ^ ^,e  names  nitron  and  nitrum.  It  is  certain,  how* 
v— — Sver>  that  it  has  been  known  in  the  East  from  time  in> 
memorial.  Roger  Bacon  mentions  this  salt  in  the  13th 
century  under  the  name  of  nitre. 

Origin.  No  phenomenon  has  excited  the  attention  of  chemi- 
cal philosophers  more  than  the  continual  reproduction 
.of  nitre  in  certain  places  after  it  had  been  extracted  from 
them.  Prodigious  quantities  of  this  salt  are  necessary 
for  the  purposes  of  war ; and  as  Nature  has  not  laid 
up  great  magazines  of  it,  as  she  has  of  some  other  s^lts, 
this  annual  reproduction  is  the  only  source  from  which 
it  can  be  procured.  Jt  becatqe,  therefore,  of  the  ut- 
most consequence,  if  possible,  to  discover  the  means 
which  Nature  employed  in  forming  it,  in  order  to  en- 
able us  to  imitate  her  processes  by  art,  or  at  least  to 
accelerate  and  facilitate  them  at  pleasure.  Numerous 
attempts  accordingly  have  been  made  to  explain  and  to 
imitate  these  processes. 

Stahl,  setting  out  on  the  principle  that  there  is  only 
\ one  acid  in  nature,  supposed  that  nitric  acid  is  merely 
sulphuric  acid  combined  with  phlogiston,  and  that  this 
combination  is  produced  by  putrefaction  ; he  affirmed, 
accordingly,  that  nitre  is  composed  by  uniting  toge- 
ther potass,  sulphuric  acid,  and  phlogiston.  But  this 
opinion,  which  was  merely  supported  by  very  far- 
fetched analogies,  could  not  stand  the  test  of  a rigorous 
examination. 

Lemery  the  Younger  accordingly  advanced  another, 
affirming,  that  all  the  nitre  obtained  exists  previously 
in  animals  and  vegetables,  and  that  it  is  formed  in  these 
substances  by  the  processes  of  vegetation  and  animaliza- 
Jtion.  But  it  was  soon  discovered  that  nitre  exists,  and 
actually  formed,  in  many  places  whfre  no  animal  flor 
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vegetable  substance  had  been  decomposed  ; and  conse-  Chap.  IH,^ 

quently  this  theory  was  as  untenable  as  the  former.  So 

far  indeed  is  it  from  being  true  that  nitre  is  formed  by 

these  processes  alone,  that  the  quantity  of  nitre  in  plants 

has  been  found  to  depend  entirely  on  the  s^il  in  which 

they  grow*. 

At  last,  by  the  numerous  experiments  of  several 
French  philosophers,  particularly  by  those  of  Thouve- 
nel,  it  was  discovered  that  nothing  else  is  necessary  for 
the  production  of  nitre  but  a basis  of  lime,  heat,  and 
an  open,  but  not  too  free  communication  with  dry  at- 
mospheric air.  When  these  circumstances  combine,  the 
acid  is  first  formed,  and  afterwards  the  alkali  makes  its 
appearance.  How  the  air  furnishes  materials  for  this 
production  is  easily  exjfiained,  now  that  the  component 
parts  of  the  nitric  acid  are  known  to  be  oxygen  and  a- 
zote : but  how  lime  contributes  to  their  union  it  is  not 
go  easy  to  see.  The  appearance  of  the  potass  is  equally 
extraordinary.  If  any  thing  can  give  countenance  to 
the  hypothesis  that  potass  is  composed  of  lime  and  azote, 
it  is  this  singular  fact. 

Nitre  is  found  abundantly  on  the  surface  of  the  earth  Prepara- 
in  India,  South  America,  and  even  in  some  parts  of  tKm' 
Spain.  In  Germany  and  France  it  is  obtained  by  means 
of  artificial  nitre  beds.  These  consist  of  the  refuse  of 
animal  and  vegetable  bodies  undergoing  putrefaction, 
mixed  with  calcareous  and  other  earths.  It  has  been 
ascertained  that  if  oxygen  gas  be  presented  to  azote  at 
the  instant  of  its  disengagement,  nitric  acid  is  formed. 

’J'his  seems  to  explain  the  origin  of  the  acid  in  these 
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Division *il.  beds*  Tllc  atote  disengaged  from  these  putrefying 
v animal  substances  combines  with  the  oxygen  of  the  air. 
The  potass  is  probably  furnished,  partly  at  least,  by  the 
vegetables  and  the  soil. 

The  nitre  is  extracted  from  these  beds  by  lixiviating 
the  earthy  matters  with  water.  This  water',  when  suf- 
ficiently  impregnated,  is  evaporated,  and  a brown  co- 
loured salt  obtained,  known  by  the  name  of  prude  nitre. 
It  consists  of  nitre,  common  salt,  nitrat  of  lime,  and  va- 
rious other  salts.  The  foreign  salts  are  either  separa- 
ted by  repeated  crystallizations,  or  by  washing  the  salt 
repeatedly  with  small  quantities  of  water ; for  the  fo- 
reign salts  being  more  soluble  are  taken  up  first. 

Properties.  . Nitre,  when  slowly  evaporated,  is  obtained  in  six- 
sided  prisms,  terminated  by  six-sided  pyramids ; but  for 
most  purposes  it  is  preferred  in  an  irregular  mass,  be- 
cause in  that  state  it  contains  less  water.  The  primi- 
tive form  of  its  crystals,  according  to  Hauy,  is  a rec- 
tangular octahedron,  composed  of  two  four-sided  pyra- 
mids applied  base  to  base;  two  of  the  sides  are  inclined 
to  the  other  pyramid  at  an  angle  of  120°;  the  other 
two  at  an  angle  of  m°.  The  form  of  its  integrant 
particles  is  trie  tetrahedron.  The  six-sided  prism  is  the 
most  common  form  which  it  assumes.  Sometimes,  in- 
stead of  six-sided  pyramids,  these  prisms  are  termina- 
ted by  18  facets,  disposed  in  three  ranges  of  six,  as  if 
three  truncated  pyramids  were  piled  on  each  other; 
sometimes  it  crystallizes  in  tables. 

The  specific  gravity  of  nitre  is  19369*.  Its  taste 
is  sharp,  bitterish,  and  cooling.  It  is  very  brittle.  It 
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is  soluble  in  seven  times  its  weight  of  water  at  the  tem- 
perature ot  6o°,  and  in  nearly  its  own  weight  of  boil- 
ing water  *.  It  is  not  altered  by  exposure  to  the  air. 

When  the  solution  of  nitre  is  exposed  to  a boiling 
heat,  part  of  the  salt  is  evaporated  along  with  the  water, 
as  Wallerius,  Kirwan,  and  Lavoisier,  observed  succes- 
sively. When  exposed  to  a strong  heat  it  melts,  and 
congeals  by  cooling  into  an  opaque  mass,  which  has 
been  called  mineral  crystal.  Whenever  it  melts,  it  be-* 
gins  to  disengage  oxygen ; and  by  keeping  it  in  a red 
heat,  about  the  third  of  its  weight  of  that  gas  may  be 
obtained  : towards  the  end  of  the  process  azotic  gas  is 
disengaged.  If  the  heat  be  continued  long  enough,  the 
Balt  is  completely  decomposed,  and  pure  potass  remains 

behind. 

It  detonates  more  violently  with  combustible  bodies 
than  any  of  the  other  nitrats.  When  mixed  with  one 
third  part  of  its  weight  of  charcoal,  and  thrown  into  a 
red  hot  crucible,  or  when  charcoal  is  thrown  into  red 
hot  nitre,  detonation  takes  place,  and  one  of  the  most 
brilliant  combustions  that  can  be  exhibited.  The  re- 
siduum is  carbonat  of  potass.  It  was  formerly  called 
nitre  fixed  by  charcoal.  The  alchymists  performed  this 
experiment  in  a tubulated  earthen  retort,  to  which  an 
apparatus  of  glass  vessels  was  luted.  After  every  por- 
tion of  nitre  and  charcoal  which  they  threw  in,  they 
shut  up  the  retort.  The  carbonic  acid  and  azotic  gas 
which  were  disengaged  often  burst  their  apparatus.  To 
the  small  quantity  of  water  which  they  obtained  in 
their  vessels,  they  gave  the  name  of  clyssus , and  ascri- 
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^1.  t0  11  a 8Teat  many  virtues.  A still  more  violent 

' — ' detonation  is  produced  by  using  phosphorus  instead  of 

charcoal.  When  a mixture  of  nitre  and  phosphorus  is 
struck  smartly  with  a hot  hammer,  a very  violent  de- 
tonation is  produced*. 

Nitre  oxidizes  all  the  metals  at  a red  heat,  even  gold 
and  platinum  f. 

Cornposi-  , Nitre,  according  to  Bergman,  is  composed  of 

31  acid 
6r  potass 
8 water 

ICO 

According  to  the  latest  experiments  of  Kirwan,  after 
being  diied  in  the  temperature  of  70°,  it  is  composed  of' 
44.0  acid 
51.8  potass 
4.2  water 

1 00.0$ 

Nitre  is  decomposed  by  the  following  salts  ; 

1.  Sulphats  of  soda,  ammonia,  magnesia,  alumina. 

2.  Muriat  and  acetat  of  barytes. 

Gunpow-  One  of  the  most  important  compounds  formed  by 
means  of  nitre  is  gunpowder , which  has  completely 
changed  the  modern  art  of  war.  The  discoverer  of  this 
compound,  and  the  person  who  first  thought  of  apply- 
ing it  to  the  purposes  of  war,  are  unknown.  It  is  cer- 
tain, however,  that  it  was  used  in  the  14th  century, 
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From  certain  archieves  quoted  by  Wiegleb,  it  appears 
that  cannons  were  employed  in  Germany  before  the 
year  1372.  No  traces  of  it  can  be  found  in  any  Euro- 
pean author  previous  to  the  13th  century  ; but  it  seems 
to  have  been  known  to  the  Chinese  long  before  that 
period. 

Gunpowder  is  composed  of  76  parts  nitre 

15  charcoal 
■9  sulphur 

JOO 

These  ingredients  are  first  reduced  to  a fine  powder  se- 
parately, then  mixed  intimately,  and  formed  into  a thick 
paste  with  water.  After  this  has  dried  a little,  it  is 
placed  upon  a kind  of  sieve  full  of  small  holes,  through 
•which  it  is  forced.  By  that  process  it  is  divided  into 
grains,  the  size  of  which  depends  upon  the  size  of  the 
holes  through  which  they  have  been  squeezed.  The 
powder,  when  dry,  is  put  into  barrels,  which  are  made 
to  turn  round  on  their  axes.  By  this  motion  the  grains 
of  gunpowder  rub  against  each  other,  their  asperities 
are  worn  ofF,  and  their  surfaces  are  made  smooth.  The 
powder  is  then  said  to  be  glazed. 

Gunpowder,  as  is  well  known,  explodes  violently  DecompoS- 
when  a red  heat  is  applied  to  it.  This  combustion  Uon- 
takes  place  even  in  a vacuum  ; a vast  quantity  of  gas  is 
emitted,  the  sudden  production  of  which  is  the  cause  of 
all  the  violent  effe£ls  which  this  substance  produces. 

Their  combustion  is  evidently  owing  to  the  decomposi- 
tion of  the  nitre  by  the  charcoal  and  sulphur.  The 
products  are  carbonic  acid  gas,  azotic  gas,  sulphurous 
acid  gas,  and  probably  sulphureted  hydrogen.  Mr 
Cruikshank  has  ascertained  that  no  perceptible  quanti*- 
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Swision  ii.  ^ °*  water  is  iormed.  What  remains  after  the  com. 

bust  ion  is  potass  combined  with  a small  portion  of  car- 
bonic acid,  sulphat  of  potass,  a very  small  proportion  of 
sulphuret  of  potass,  and  unconsumed  charcoal  *.  This 
mixture  soon  attracts  moisture,  and  the  sulphuret 

wh.ch  it  contains  enables  it  to  act  strongly  on  metallic 
bodies. 

When  three  parts  of  nitre,  two  parts  of  potass,  and 
one  part  of  sulphur,  all  previously  well  dried,  are  mixed 
together  in  a warm  mortar,  the  resulting  compound  is 
nown  by  the  name  of fulminating  powder.  If  a little 
of  this  powder  be  put  into  an  iron  spoon,  and  placed 
npon  burning  coals,  or  held  above  the  flame  of  a candle, 
it  gradually  blackens,  and  at  last  melts.  At  that  instant 
it  explodes  with  a very  violent  report,  and  a strong  im- 
pression is  made  upon  the  bottom  of  the  spoon,  as  if  it 
had  been  pressed  down  very  violently.  This  sudden  and 
violent  combustion  is  occasioned  by  the  rapid  action  of 
the  sulphur  on  the  nitre.  By  the  application  of  the 
neat,  the  sulphur  and  potass  form  3 sulphuret,  which  is 
combustible  at  a lower  heat  probably  than  even  sulphur. 
Sulphureted  hydrogen  gas,  azotic  gas,  and  perhaps 
also  sulphurous  acid  gas,  are  disengaged  almost  in- 
stantaneously. It  is  to  the  sudden  action  of  these  on 
the  surrounding  air  that  the  report  is  to  be  ascribed. 
Its  loudness  evidently  depends  upon  the  combustion  of 
the  whole  powder  at  the  same  instant,  which  is  secured 
by  the  previous  fusion  that  it  undergoes  ; whereas  the 
grains  of  gunpowder  burn  in  succession. 

Nitre  is  used  not  only  in  the  formation  of  gunpowder. 


Fnlhuna- 
tiiig  pow- 


* Cruili shank,  Nicholson’s  Journal  iv.  zj8. 


NITRATS. 


but  also  by  metallurgists  and  other  artists.  It  is  from  it 
too  that  all  the  nitric  acid  is  obtained.  The  process 
has  been  described  formerly  under  the  head  of  nitric  a - 
cid.  A mixture  of  equal  parts  of  tartar  and  nitre,  de- 
flagrated in  a crucible,  is  known  by  the  name  of  white 
Jlux.  It  is  merely  a mixture  of  carbonat  of  potass  with 
some  pure  potass.  When  two  parts  of  tartar  and  one 
of  nitre  are  deflagrated  in  this  manner,  the  residuum  is 
called  black  Jlux  from  its  colour.  It  is  merely  a mixture 
of  charcoal  and  carbonat  of  potass. 

Sj>.  3.  Nitrat  of  soda. 

This  salt  was  called  formerly  cubic  nitre.  It  has 
not  been  much  examined.  It  forms  rhomboidal  crys- 
tals. Its  specific  gravity  is  2.0964  *.  It  has  a cool 
sharp  taste,  and  is  somewhat  more  bitter  than  nitre. 
It  is  soluble  in  about  three  parts  of  water  at  the  tempe- 
rature of  6o°,  and  in  less  than  its  weight  of  boil- 
ing water.  When  exposed  to  the  air  it  rather  attracts 
moisture.  Its  phenomena  in  the  fire  are  the  same  with 
those  of  nitre,  excepting  that  it  does  not  melt  so  easily. 

It  is  composed,  according  to  Bergman,  of 

43  acid 
32  soda 
25  water 

100 

According  to  the  latest  experiments  of  Kirwan,  after 
being  dried  in  a heat  of  400°,  its  component  parts  are 
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53.21  acid 
40.58  soda 
6.21  water 

100.00 

After  being  ignited,  it  contains  57.55  acid 

42.34  soda 

99.89  * 

It  is  decomposed  by  the  following  salts  : 

1.  Sulphats  of  magnesia  and  alumina. 

2.  Muriat,  phosphat,  fluat,  borat,  and  carbonat  of 

potash. 

3.  Muriat  of  barytes. 

This  salt  has  been  applied  to  no  use. 

Sp.  4.  Nitrat  of  Strontian. 

This  salt  was  first  formed  by  Dr  Hope  \ it  was  afters 
wards  examined  by  Klaproth  and  Pelletier  ; but  the  most 
complete  description  of  it  was  published  by  Vauquelin 
about  the  end  of  the  year  1797  f.  It  may  be  prepared 
either  by  dissolving  carbonat  of  strontian  in  nitric  acid, 
or  by  decomposing  sulphuret  of  strontian  by  means  of 
that  acid.  The  solution  is  to  be  evaporated  to  dryness, 
redissolved  in  water,  and  evaporated  slowly  till  the  salt 
crystallizes 

Properties.  Nitrat  of  strontian  crystallizes  in  regular  octahedrons 
not  unlike  the  crystals  of  nitrat  of  barytes.  It  has  a 
strong  pungent  cooling  taste.  Its  specific  gravity  is 
3.0061.  It  is  soluble  in  its  own  weight  of  water  at  the 
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temperature  of  6o°,  and  in  little  more  than  half  its  chap.m. 
weight  of  boiling  water.  It  is  insoluble  in  alcohol.  In  4 v ' 
a dry  air  it  effloresces,  but  in  a moist  air  it  deliquesces. 

It  deflagrates  on  hot  coals.  Subjected  to  a heat  in  a 
crucible,  it  decrepitates  gently,  and  then  melts.  In  a 
red  heat  it  boils,  and  the  acid  is  dissipated.  If  a com- 
bustible substance  be  at  this  time  brought  into  contact 
with  it,  a deflagration  with  a very  vivid  red  flame  is  pro- 
duced *.  It  is  by  means  of  this  decomposition  that 
strontian  is  obtained  in  the  greatest  purity.  When  a 
crystal  of  nitrat  of  strontian  is  put  into  the  wick  of  a 
candle,  it  communicates  a beautiful  purple  flame. 

According  to  Vauquelin,  it  is  composed  of  Compos}* 

o -j  tion. 

48.4  acid 

47.6  strontian 

4.0  water 

„ 100.0  f 

According  to  Kirwan,  when  in  the  state  of  crystals,  it 

is  composed  of 31-07  ac^ 

36.21  strontian 
32.72  water 

100.00 

Nitrat  of  strontian  is  decomposed,  according  to  Four- 
croy,  by  the  following  salts  : 

1.  Sulphats  of  potass,  soda,  lime,  ammonia,  magnesia, 

glucina,  alumina. 

2.  Sulphats  of  barytes,  potass,  soda,  ammonia,  alumina. 
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3.  Muriats  of  barytes,  potass,  soda. 

4.  Phosphats  of  barytes,  potass,  soda,  ammonia. 

5.  Fluats  of  soda  and  ammonia. 

6.  Borats  of  potass,  soda,  and  ammonia. 

7.  Carbonats  of  barytes,  potass,  soda. 

This  salt  has  been  applied  to  no  use  except  to  obtain 

pure  strontian. 

Sp.  5.  A Jitrat  of  Lime. 

This  salt  has  been  long  known  to  chemists.  Native 
ftitre  is  almost  always  contaminated  with  it.  It  may  be 
prepared  by  dissolving  carbonat  of  lime  in  nitric  acid  j 
evaporating  the  solution  to  the  consistence  of  a syrup, 
and  then  allowing  it  to  cool  slowly.  The  salt  is  pre- 
cipitated in  the  state  of  crystals. 

Properties.  Its  crystals  are  six-sided  prisms,  terminated  by  long 
pyramids ; but  it  is  oftener  obtained  in  the  form  of 
long  slender  brilliant  needles.  Its  taste  is  very  acrid 
and  bitter.  Its  specific  gravity  is  1.6207*.  Scarcely 
any  salt  is  more  soluble  in  water.  At  the  temperature 
of  6 o°,  one  part  of  water  dissolves  four  parts  of  nitrat 
of  lime,  and  boiling  water  dissolves  any  quantity  of  it 
whatever.  Boiling  alcohol  dissolves  its  own  weight  of  it. 
Considerable  difficulty  attends  its  crystallization,  as  is 
the  case  with  all  very  soluble  salts.  When  exposed  to 
the  air  it  very  soon  attracts  moisture,  and  melts  altoge- 
ther. This  strong  affinity  for  moisture  renders  it  some- 
times useful  for  drying  the  gases.  They  are  made  to 
pass  through  tubes  containing  dried  nitrat  of  lime  ; and 
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this  salt,  during  their  passage  through  it,  abstracts  great 
part  of  the  water  which  they  hold  in  solution. 

This  nitrat,  when  heated,  readily  undergoes  the  wa- 
tery fusion.  When  the  water  of  crystallization  is  eva- 
porated, the  salt  becomes  dry,  and  often  acquires  the 
property  of  shining  in  the  dark.  In  that  state  it  was 
formerly  known  by  the  name  of  Balduin's  phosphorus $ 
because  this  property  of  nitrat  of  lime  was  first  pointed 
out  by  Balduin  *.  When  strongly  heated  it  is  decom- 
posed ; nitrous  gas,  oxygen  gas,  and  azotic  gas  are  emit- 
ted, and  the  pure  lime  remains  behind.  This  salt  scarce- 
ly possesses  the  property  of  detonating  with  combusti- 
ble bodies,  in  consequence  probably  of  the  great  propor- 
tion of  its  water  of  crystallization. 


According  to  Bergman,  nitrat  of  lime  is  composed  Composi- 
te   43  acid  tion* 


32  lime 
25  lime 


100 

According  to  the  latest  experiments  of  Kirwan,  after 
being  well  dried  in  the  air,  it  is  composed  of 

57.44  acid 
32.00  lime 
10.56  water 


100.00  f 


* His  account  of  it  was  published  in  1674,  under  the  title  of  Pbotphirui 
Hcrmeticus  t.u  Magnet  Luminar  'tu 
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Book  11.  Nitrat  of  lime,  according  to  Fourcroy,  is  decomposed 
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1 y— - by  the  following  salts  : 

1.  Sulphats  of  potass,  soda,  ammonia,  magnesia,  gluci- 

na,  alumina. 

2.  Sulphats  of  potass,  soda,  strontian,  ammonia,  gluci- 

cina,  alumina. 

3.  Muriats  of  barytes,  potass,  soda,  strontian. 

4.  Phosphats  of  barytes,  strontian,  potass,  soda,  am- 

monia. 

5.  Fluats  of  strontian,  potass,  soda,  ammonia. 

6.  Borats  of  barytes,  strontian,  potass,  soda,  ammonia. 

7.  Carbonats  of  barytes,  strontian,  potass,  soda. 

This  salt  has  not  hitherto  been  applied  to  much  use. 
Native  nitrat  of  lime  might,  however,  be  decomposed 
for  its  acid  as  well  as  nitre. 


Sp.  6.  Nitrat  of  Ammonia. 


Properties. 


This  salt  has  been  long  known  : It  was  formerly  di- 
stinguished by  the  names  of  nitrum  semivolatile,  and 
nitrum  flammans.  Berthollet  examined  it  in  the  course 
of  his  experiments  on  the  component  parts  of  nitric 
acid  ; and  Mr  Davy  has  added  considerably  to  our 
knowledge  of  its  composition  and  decomposition  *.  It 
may  be  prepared  by  dissolving  carbonat  of  ammonia  in 
diluted  nitric  acid,  and  evaporating  the  solution  till  the 
salt  crystallizes. 

The  appearance  of  this  salt  varies  very  much,  accord- 
ing to  the  temperature  at  which  its  Solution  is  evapora- 
ted. In  a moderate  heat,  70°  or  ioo°  for  instance,  and 
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by  slow  cooling,  it  is  obtained  in  six-sided  prisms,  ter- 
minated by  long  six-sided  pyramids.  When  the  solu- 
tion is  evaporated  at  the  temperature  of  21 2°,  the  crys- 
tals are  channelled  and  have  a fibrous  texture,  or  they 
are  formed  of  long  soft  elastic  threads.  When  dried  in 
a heat  of  about  300°,  it  assumes  the  form  of  a white 
compact  mass.  These  differences  are  owing  to  different 
proportions  of  water  of  crystallization  which  the  salt 
contains. 

Nitrat  of  ammonia  has  a very  acrid,  bitter,  disagrees* 
ble  taste.  Its  specific  gravity  is  1.5785  *.  At  the 
temperature  of  60°  this  salt  is  soluble  in  two  parts  of 
water  : it  dissolves  in  half  its  weight  of  boiling  water. 
It  must  be  observed,  however,  that  its  solubility  varies 
with  the  proportion  of  water  of  crystallization  which  it 
contains.  When  exposed  to  the  air,  nitrat  of  ammonia 
soon  attracts  moisture  and  deliquesces. 

When  this  salt,  in  the  state  of  fibrous  or  prismatic 
crystals,  is  heated,  it  becomes  fluid  at  a temperature  be- 
low 300°  ; between  360°  and  400°  it  boils  without  de- 
composition ; but  when  heated  to  <450°,  or  somewhat 
higher,  it  is  gradually  decomposed,  without  losing  its 
water  of  crystallization.  Compact  nitrat,  on  the  other 
hand,  undergoes  little  or  no  change  till  it  is  exposed  to 
a temperature  higher  than  260°.  Between  2750  and 
300°  it  sublimes  slowly  without  decomposition,  and 
without  becoming  fluid.  At  320°  it  melts,  and  at  the 
same  time  is  partly  decomposed,  partly  sublimed  f. 

When  this  salt  is  decomposed  in  a temperature  not 
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DMdMU  CXCeedinS  500°»  h *s  wholly  converted  into  nitrous 
. oxide  and  water.  From  the  experiments  of  Mr 

Davy,  it  appears  that  these  products  are  nearly  in  the 
proportion  of  four  parts  of  gas  to  three  parts  of  water  *. 
When  it  is  exposed  to  a heat  above  6oo°,  this  salt  ex- 
plodes, and  is  totally  decomposed,  being  converted  into 
nitrous  acid,  nitrous  gas,  water,  and  azotic  gas.  This 
phenomenon,  observed  long  ago,  induced  the  older  che- 
mists to  give  the  salt  the  name  of  nitrum  flammans. 
The  nature  of  the  decomposition  was  first  ascertained 
by  Berthollet,  and  more  lately  it  has  been  examined  by 
Mr  Davy. 

Composi  hJitrat  of  ammonia,  according  to  Mr  Kirwan,  is  corn- 
tion.  posed  of  i .......  i acid 

23  ammonia 
20  water 

100  f 

According  to  Fourcroy  it  is  composed  of 

46  acid 
40  ammonia 
14  water 

100 

According  to  Davy,  in  the  three  different  states  of  pris- 
matic, fibrous,  and  compact  salt,  its  component  parts  are 
combined  in  the  following  proportions  % : 


* Davy,  p.  105. 
t Davy,  p.  71. 
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Prismatic. 

Fibrous. 

Compact. 

69.5 

73.5 

74.5  acid 

18.4 

19-3 

19.8  ammonia 

I 2. 1 

8.2 

5.7  water 

IQO.O 

100.0 

100.0 

The  apparent  difference  between  these  results  and 
the  analysis  of  Kirwan  is  owing  to  this,  that  Mr  Kir- 
wan’s  acid  contains  less  water  than  that  which  Davy 
has  taken  for  a standard. 

Nitrat  of  ammonia  is  decomposed,  according  to  Four- 
croy,  by  the  following  salts  : 

1.  Sulphats  of  magnesia,  glucina,  alumina. 

2.  Muriats  of  barytes,  potass,  soda,  strontian,  lime. 

3.  Phosphats  of  potass,  soda. 

4.  Fluats,  borats  and  carbonats  of  potass,  soda. 

This  salt  has  been  applied  to  no  other  use  than  to 
yield  by  its  decomposition  nitrous  oxide  gas. 

Sp.  7.  Nitrat  of  Magnesia. 

The  composition  of  this  salt  Was  first  ascertained  by 
Dr  Black.  Bergman  is  the  only  chemist  who  has  given 
a detailed  description  of  it.  It  is  usually  prepared  by 
saturating  nitric  acid  with  magnesia,  and  evaporating 
it  to  a proper  consistency.  The  salt  crystallizes  as  the 
solution  cools.  It  crystallizes  in  rhomboidal  prisms, 
and  often  in  small  needles  attached  to  one  another.  Its 
taste  is  very  bitter  and  disagreeable.  Its  specific  gra- 
vity is  1.736  *. 

At  the  temperature  of  6o°  it  is  soluble  in  little  more 
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than  its  weight  of  water,  and  still  more  soluble  in  boiL. 
ing  water.  Alcohol  dissolves  -J-th  of  its  weight  of  it  *. 
When  exposed  to  the  air,  it  gradually  attracts  moisture 
and  deliquesces.  When  heated,  it  undergoes  the  wa- 
tery fusion ; and  when  its  water  is  evaporated,  it  as- 
sumes the  form  of  a dry  powder.  In  a strong  heat  it 
gives  a little  oxygen  gas,  then  nitrous  gas,  and  lastly 
nitrous  acid  ; and  the  earth  remains  behind  in  a state 
of  purity.  It  scarcely  detonates  with  any  of  the  com- 
bustible bodies. 

Its  constituents  are,  according  to 


Bergman,  Kirwan, 

43  ......  46  acid 

27 22  magnesia 

30 32?  water 


IOO*  xoof 


Nitrat  of  magnesia,  according  to  Fourcroy,  is  decom- 
posed by  the  following  salts  : 

1.  Sulphats  of  ammonia,  glucina,  alumina. 

2.  Sulphites  of  potass,  soda,  strontian,  ammonia. 

3.  Muriats  of  barytes,  potass,  soda,  strontian,  lime. 

4.  Phosphats  of  potass,  soda,  ammonia. 

5.  Fluats  of  barytes,  potass,  soda,  ammonia. 

6.  Borats  and  carbonats  of  potass  and  soda. 

Sp.  8.  Nitrat  of  Anwionia-and-viagnt sia. 

This  salt  was  first  described  by  Fourcroy  in  1790.  It 
may  be  prepared  by  mixing  together  the  solutions  of 


* Bergman.  -f  Opusc.  i.  378. 
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nitrat  of  ammonia  and  nitrat  of  magnesia,  or  by  decom- 
posing  either  of  these  salts  in  part  by  the  base  of  the 
other.  When  the  two  salts  are  mixed  together,  the  ni- 
trat of  ammonia.and-magnesia  gradually  precipitates  in 

crystals.  . 

These  crystals  are  in  the  form  of  fine  prisms.  They  Property. 

have  a bitter  acrid  ammoniacal  taste.  They  are  solu 
ble  at  6o°  in  about  xi  parts  of  water;  but  boiling  wa- 
ter dissolves  a greater  proportion  of  them.  When  ex- 
posed to  the  air,  they  gradually  attract  moisture  ; but 
much  more  slowly  than  either  of  their  component  parts. 

The  phenomena  which  this  compound  exhibits,  when 
heated,  are  similar  to  those  which  its  component  parts 
exhibit  in  like  circumstances.  According  to  Fourcroy, 
it  is  composed  of  78  nitrat  of  magnesia 
22  nitrat  of  ammonia 

loo  * 

Sp.  9,  Nitrat  of  Glucina. 

This  salt  was  first  described  by  Vauquelm.  It  is 
prepared  by  satuiating  nitric  acid  with  glucina.  When 
this  solution  h evaporated  by.  means  of  a low  heat, 
the  salt  gradually  assumes  the  form  of  a powder,  but 
cannot  be  obtained  in  the  state  of  crystals. 

Its  taste  is  sweet  and  astringent.  It  is  exceedingly 
soluble  in  water,  so  much  so  indeed  that  it  is  very  dif- 
ficult to  obtain  it  in  a dry  state.  When  evaporated,  it 
becomes  thick  and  glutinous  like  honey.  When  expo- 
sed to  the  air,  it  attracts  moisture  very  rapidly.  When 


* Ann.  dc  Chim.  iv.  215. 
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Division  il.  heated>  ^ readily  melts  ; and  if  the  heat  be  increased 
^ ^ acdd  escapes,  and  leaves  the  earth  in  a state  of  pu- 

rity. When  tincture  of  nut-galls  is  dropt  into  a solu- 
tion of  this  salt,  a yellowish  brown  precipitate  imme. 
diately  appears.  Nitrat  of  glucina  may  be  readily  di- 
stinguished from  nitrat  of  alumina  by  this  property. 
The  proportions  of  the  component  parts  of  this  salt 
have  not  hitherto  been  ascertained.  According  to  Four- 

sdts  ^ VaU<1Uelin,  k 13  decotnP°sed  by  the  following 

£.  Sulphites  of  potass,  soda,  ammonia,  magnesia. 

2.  Munats  of  barytes,  potass,  soda,  strontian,  lime,  am- 
monia. 

3*  Phosphats  of  potass,  soda,  ammonia. 

4.  Fluats  and  borats  of  potass,  soda,  ammonia. 

5.  Carbonats  of  potass,  soda,  and  magnesia. 

This  salt  has  not  hitherto  been  applied  to  any  use. 

<S>.  10.  Nitrat  of  Yttria. 

This  salt  was  first  formed  by  Mr  Eckeberg  : it  has 
been  more  lately  examined  by  Vauquelin.  It  may  be 
prepared  by  dissolving  yttria  in  nitric  acid.  The  solu- 
tion has  a sweet  astringent  taste,  and  in  most  of  its  pro- 
perties agrees  with  nitrat  of  glucina.  Like  it,  this  salt 
can  scarcely  be  obtained  in  the  state  of  crystals.  If,  du- 
ring the  evaporation,  a heat  somewhat  too  strong  be 
applied,  the  salt  becomes  soft,  and  assumes  the  appear,- 
ance  of  honey,  and  on  cooling  becomes  hard  apd  brittle 
like  a stone.  When  exposed  to  the  air,  it  very  soon  at- 
tracts moisture,  and  deliquesces.  When  sulphuric  acid 
is  poured  into  this  solution,  crystals  of  sulphat  of  yttria 
are  instantly  precipitated  *. 


* Ann.  ds  Cbim.  jjxvi.  Jj6. 
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fy.  11.  Nitr  at  of  Alumina.  » , < 

Though  this  salt  has  been  known  to  chemists  for 
many  years  past,  it  has  not  hitherto  been  examined  with 
precision.  It  is  prepared  by  dissolving  alumina  in  ni- 
tric acidj  and  evaporating  the  solution  till  the  salt  cry- 
stallizes. This  salt  always  contains  an  excess  of  acid, 
and  is  therefore  one  of  the  few  supernitrats  with  which 
we  are  acquainted. 

It  crystallizes  with  great  difficulty  in  thin  soft  plates, 
which  have  but  little  brilliancy.  This  salt  has  an  acid 
and  astringent  taste.  Its  specific  gravity  is  1.645  *.  It 
is  exceedingly  soluble  in  water,  and  when  evaporated  is 
converted  into  a glutinous  mass  of  the  consistence  of 
honey.  It  often  assumes,  on  cooling,  the  form  of  a jel- 
ly. When  exposed  to  the  air,  it  very  soon  attracts 
moisture  and  deliquesces.  When  heated,  the  acid  is 
disengaged  with  great  facility,  and  the  earth  remains 
behind  in  a state  of  purity. 

According  to  Fourcroy,  nitrat  of  alumina  is  decom- 
posed by  the  following  salts  f : 

1.  Sulphats  of  potass,  soda,  strontian,  ammonia,  magne- 

sia, glucina. 

2.  Muriats  of  barytes,  potass,  soda,  strontian,  lime,  am- 

monia, glucina. 

3.  p’nosphats  of  potass,  soda,  ammonia,  glucina. 

4.  Fluats  and  borats  of  potass,  soda,  ammonia. 

5.  Carbonats  of  potass,  soda,  magnesia,  glucina. 

6.  Oxalats,  tartrites,  and  prussiats. 

This  salt  has  been  applied  to  no  use. 


-*  Hassenfiatz,  Ann.  de  Qbim.  ixviii.  13. 


f Fourcroy,  iv  314. 


426 


salts. 


Book  II. 

D,vis*on  »•  Sp.  12.  Nitrat  of  Zirconia. 

This  salt  was  first  formed  by  Klaproth.  Vauquelin 
has  given  us  a detailed  description  of  it.  It  may  be  ea- 
sily formed  by  pouring  nitric  acid  on  newly  precipita- 
ted zirconia. 

9 

It  always  contains  an  excess  of  acid.  By  evaporating, 
a yellowish  transparent  matter  is  obtained,  exceedingly 
tenacious  and  viscid,  and  which  dries  with  difficulty. 
It  has  an  astringent  taste,  and  leaves  on  the  tongue  a 
viscid  matter,  owing  to  its  being  decomposed  by  the 
Properties,  saliva.  It  is  only  very  sparingly  soluble  in  water  ; the 
greatest  part  remains  under  the  form  of  gelatinous  and 
transparent  flakes.  Like  all  the  other  salts  into  which 
zirconia  enters,  it  is  decomposed  by  heat.  It  is  decom- 
posed also  by  sulphuric  acid,  which  occasions  a white 
precipitate  soluble  in  excess  of  acid ; by  carbonat  of 
ammonia,  which  produces  a precipitate  soluble  by  add- 
ing mote  carbonat;  and  by  an  infusion  of  nut-galls  in 
alcohol,  which  produces  a white  precipitate  soluble  in 
an  excess  of  the  infusion,  unless  the  zirconia  contains 
iron ; in  which  case  the  precipitate  is  a greyish  blue, 
and  part  of  it  remains  insoluble,  giving  the  liquor  a blue 
colour.  This  liquor,  mixed  with  carbonat  of  ammonia, 
produces  a matter  which  appears  purple  by  transmitted 
light,  but  violet  by  reflected  light.  Gallic  acid  also 
precipitates  nitrat  of  zirconia  of  a greyish  blue,  but  the 
colour  is  not  so  fine.  Most  of  the  other  vegetable  acids 
decompose  this  salt,  and  form  combinations  insoluble  in 
water  *. 


* Vauquelin,  Ann.  de  Cbim.  xxii.  199. 
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Genus  VIII.  Nitrites. 

The  existence  of  these  salts  was  first  pointed  out  by 
Bergman  and  Scheele ; the  two  philosophers  to  whom 
we  are  indebted  for  the  first  precise  notions  concerning 
the  difference  between  nitric  and  nitrous  acids.  Ihey 
cannot  be  formed  by  combining  directly  nitrous  acid 
with  the  different  earthy  and  alkaline  bases  ; nor  have 
any  experiments  made  to  combine  nitrous  gas  with  the 

nitrats  been  attended  with  success. 

The  only  method  of  obtaining  these  salts  at  present 
known  is  that  which  was  long  ago  pointed  out  by  Berg- 
man and  Scheele  *.  It  consists  in  exposing  a nitrat  to 
a pretty  strong  heat  till  a quantity  of  oxygen  gas  be 
disengaged  from  it.  What  remains  in  the  retoit  after 
this  process  is  a nitrite ; but  the  length  of  time  neces- 
sary for  producing  this  change  has  not  yet  been  ascer- 
tained with  any  degree  of  precision.  If  the  heat  be  ap- 
plied too  long,  the  nitrat  will  be  totally  decomposed, 
and  nothing  but  the  base  will  remain,  as  happened  to 
some  of  the  French  chemists  on  attempting  to  repeat 
the  process  of  Bergman  and  Scheele. 

Nitrite  of  potass  is  the  only  salt  formed  by  this  pro- 
cess, of  which  an  account  has  been  given.  Scheele’s 
process  for  obtaining  it  is  as  follows : Fill  a small  retort 
with  nitre,  and  keep  it  red  hot  for  half  an  hour.  When 
it  is  allowed  to  cool,  it  is  found  in  the  state  of  a nitrite. 
It  deliquesces  when  exposed  to  the  air,  and  red  vapours 
of  nitrous  acid  are  exhaled  when  any  other  acid  is  pour- 
ed upon  it. 
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,^s  tIie  n*tr*tes  have  never  been  examined  by  ehe- 
>■  v mists,  and  as  it  has  not  even  been  determined  whether 
any  considerable  number  of  the  nitrats  can  be  convert- 
ed into  these  salts,  it  would  be  in  vain,  in  the  present 
state  of  our  knowledge,  to  attempt  a particular  descrip, 
tion  of  them.  It  may,  however,  be  considered  as  ex- 
ceedingly  probable  that  no  such  salts  as  the  nitrites  of 
ammonia,  glucina,  yttria,  alumina,  and  zirconia,  exist 
or  can  be  formed,  at  least  by  the  process  of  Scheele  and 
Bergman  ; for  the  nitrats  with  these  bases  are  decom- 
posed completely  by  the  action  of  a heat  too  moderate 
to  hope  for  the  previous  emission  of  oxygen  gas. 

From  the  few  observations  that  have  been  made,  it 
may  be  concluded  that  the  nitrites  are  in  general  deli- 
quescent, very  soluble  in  water,  decomposable  by  heat 
as  well  as  nitrats;  that  their  taste  is  cooling  like  that  of 
the  nitrats,  but  more  acrid  and  nitrous : that  by  expo- 
sure to  the  air  they  are  gradually  converted  into  ni- 
trats by  absorbing  oxygen;  but  this  change  takes  place 
exceedingly  slowly*. 

I have  no  doubt  that  the  nitrites  are  in  fact  nitrats 
Saiurated  with  nitrous  gas.  It  is  extremely  probable, 
theiefore,  that  they  may  be  formed  by  passing  a stream 
of  nitrous  gas  through  the  solutions  of  the  correspond- 
iftg  nitrat  in  water, 
v 


* Poorer oy5  iii.  155, 
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Genus  IX.  Hyperoxymuriats. 

This  genus  of  salts  was  discovered  by  Berthollet  in 
1786  : but,  if  we  except  the  first  species,  they  remain- 
ed almost  totally  unknown  till  examined  by  Mr  Che- 
nevix  in  1802.  The  most  important  of  them  may  be 
prepared  by  the  following  process  : Dissolve  the  base 
which  is  to  be  combined  with  the  acid,  or  its  caxbonat, 
in  water,  or  mix  it  with  water  if  it  happens  to  be  in- 
soluble, and  putting  it  into  one  ofWoulfe’s  bottles, 
cause  oxymuriatic  acid  in  the  state  of  gas,  distilled  in 
the  usual  manner,  to  pass  through  it.  The  acid  com- 
bines with  the  base,  and  at  the  same  time  (if  a carbo. 
nat  be  used)  an  effervescence  takes  place,  owing  to  the 
disengagement  of  the  carbonic  acid  gas.  As  the  base 
becomes  saturated  with  acid,  the  hyperoxymuriat,  in 
some  cases,  precipitates  in  the  state  of  crystals. 

At  the  same  time  with  the  hyperoxymuriat  a great 
quantity  of  common  muriat  is  formed.  The  formation 
of  the  two  salts  was  thus  explained  by  Berthollet.  He 
supposed  that  one  part  of  the  oxymuriatic  acid  is  de- 
composed ; that  its  oxygen  combines  with  the  other 
portion  of  acid,  and  forms  what  he  termed  hyperoxyge - 
nated  muriatic  acid ; of  course  the  salts  obtained  are 
hyperoxygenated  muriat  and  common  muriat  *.  Though 
this  theory  was  probable,  it  remained  supported  mere- 
ly by  probable  evidence,  till  the  analytical  skill  of  Mr 
Chenevix  demonstrated  its  truth. 
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®°.°k  ^le  hyperoxymuriats  may  be  distinguished  by  the 

> y— following  properties  : 

Characters.  I.  When  raised  to  a low  red  heat,  they  give  out  a 
great  quantity  of  oxygen  gas,  and  are  converted  into 
common  muriats. 

2.  Wnen  mixed  with  combustibles,  they  detonate 
with  much  greater  violence  than  the  nitrats.  This  de- 
tonation is  occasioned  not  only  by  heat,  but  by  friction 
and  percussion,  and  often  takes  place  spontaneously. 

3.  Soluble  in  water,  and  some  of  them  in  alcohol. 

4.  The  acid  is  expelled  from  them  in  yellow  or  green 
fumes  by  sulphuric,  nitric,  and  muriatic  acids  without 
heat ; a little  below  a boiling  heat  by  phosphoric,  oxa- 
lic, tartaric,  citric,  and  arsenic  acids  ; but  they  are  not 
acted  on  by  benzoic,  acetic,  boracic,  prussic,  and  carbo- 
nic acids.  Those  vegetable  acids  which  are  powerful 
enough  to  decompose  them  give  out  towards  the  end  a 
gas  of  a peculiar  nature,  which  has  not  so  much  smell 
as  oxymuriatic  acid,  but  which  affects  the  eyes  in  a pe- 
culiar manner,  and  promotes  an  uncommon  and  rather 
painful  secretion  of  tears.  This  gas  has  not  been  exa- 
mined, because  its  separation  is  attended  with  an  explo- 
sion and  rupture  of  the  vessels*. 

Sp.  1.  Iiyperoxymuriat  of  Potass. 

This  extraordinary  salt,  first  formed  by  Berthollet  f, 
has  been  since  examined  by  a great  number  of  chemists. 
Lavoisier,  Dolfuz  Van  Mons,  Fourcroy  and  Vauque- 
lin  $,  Hoyle  ||,  Chenevix,  &c.  have  investigated  its  pro. 


* Chenevix,  Phil.  Trans.  1802. 

t It  was  in  fact  first  discovered  by  Dr  Higgens,  who  described  the  me- 
thod of  forming  it  and  some  of  its  properties  some  time  before  Berthollet , 
under  the  name  of  saltpetre.  See  Higgins  on  Acetous  Acid,  p.  180. 

| Ann.  de  Clim.  i.  225.  § Ann.  de  Cbm.  xxi,  235, 

||  Manchester  Memoirs , V.  22*. 
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perties,  and  discovered  many  of  the  singular  effects  Chap,  m. 
which  it  produces.  It  is  prepared  by  dissolving  one  part 
of  carbonat  of  potass  in  six  parts  of  water,  putting  the 
mixture  into  a Woulfe’s  bottle,  and  saturating  the  pot- 
ass with  oxymuriatic  acid  gas  *.  When  the  saturation 
is  nearly  completed  the  oxy-muriat  falls  down  in  crys- 
tals. It  may  be  purified  by  solution  in  boiling  water. 

As  the  water  cools,  the  pure  hyperoxymuriat  crystallizes. 

The  crystals  are  to  be  dried  between  folds  of  blotting- 
paper. 

According  to  Hauy,  the  primitive  form  of  the  crys-  properties, 
tals  of  hyperoxymuriat  of  potass  is  an  obtuse  rhomboi- 
dal  prism  ; but  it  is  usually  obtained  in  small  thin 
plates,  of  a silvery  whiteness.  It  is  only  by  allowing 
an  unsaturated  solution  of  it  in  boiling  w-ater  to  cool 
slowly,  or  by  exposing  a solution  in  cold  water  to  spon- 
taneous evaporation,  that  it  is  obtained  in  large  regular 
rhomboidal  crystals. 

Its  taste  is  cooling,  austere,  and  disagreeable,  some- 
what analogous  to  that  of  nitre.  Its  specific  gravity  is 
1.989!.  When  rubbed  smartly,  it  phosphoresces,  or  ra- 
ther emits  a number  of  sparks  of  fire  p It  is  soluble  in 
about  16  parts  of  water  at  the  temperature  of  6o°,  and 
in  parts  of  boiling  water  ||.  It  is  not  sensibly  altered 
by  exposure  to  the  air.  When  heated,  it  readily  undergoes 
the  watery  fusion.  If  the  heat  be  raised  to  redness,  it  ra- 
pidly gives  out  more  than  the  third  of  its  weight  of  oxygen 


* The  bottle  containing  the  alkali  must  be  covered  up  from  the  light, 
otherwise  no  crystals  of  hyperoxymuriat  can  be  obtained,  3s  1 have  more 
than  once  experienced. 

f Hassenfratzs,  Ann  de  Chim.  xxviii.  12.  } Fourcroy,  iii.  221. 

{j  Hoyle,  Nicholson’s  Journal,  ii.  294. 
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gas.  It  is  from  this  salt  that  oxygen  gas  can  be  obtained 
in  the  state  of  the  greatest  purity.  After  the  efferves* 
cence  is  over,  there  remains  common  muriat  of  potass. 

From  the  experiments  of  Chenevix,  its  constituents 
are  ......  ......  58.3  acid 

39.2  potass 
2.5  water 


100.0 


I he  most  astonishing  of  its  properties  are  those  which 
it  exhibits  when  mixed  with  combustibles.  All  com- 
bustible substances  whatever  are  capable  of  decomposing 
it,  and  in  general  the  decomposition  is  attended  with 
violent  detonations. 

Detonates  When  three  parts  of  this  salt  and  one  part  of  sulphur 

bustibles”  are  tr'turated  in  a mortar,  the  mixture  detonates  vio- 
lently : the  same  effect  is  produced  when  the  mixture 
is  placed  upon  an  anvil,  and  struck  smartly  with  a ham- 
mer. Nay,  it  even  sometimes  detonates  spontaneously 
without  any  perceptible  friction,  and  ought  not  there- 
fore to  be  kept  ready  mixed.  Charcoal  produces  the 
same  effects  though  not  so  violent.  This  property  indu- 
ced Berthollet  to  propose  it  as  a substitute  for  nitre  in 
the  preparation  of  gun-powder.  The  attempt  was  made 
at  Essone  in  1788  ; but  no  sooner  had  the  workmen  be- 
gun to  triturate  the  mixture  of  charcoal,  sulphur,  and 
oxy-muriat,  than  it  exploded  with  violence,  and  proved 
fatal  to  Mr  Letors  and  Mademoiselle  Chevraud.  The  force 
of  this  gunpowder  when  it  is  prepared  is  much  greater 
than  that  of  the  common  sort  of  powder  ; but  the  dan- 
ger of  preparing  it,  and  even  of  using  it  after  it  is  pre- 
pared, is  so  great,  that  it  can  hardly  ever  be  substituted 
with  advantage  for  common  gunpowder. 
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Phosphorus  also  detonates  with  this  salt  either  by  .ChaP~ 11  r-i 
trituration  or  percussion.  The  quantities  of  each  used 
ought  not  to  exceed  half  a grain,  or  at  most  a grain,  o- 
therwise  the  experiment  may  be  attended  with  some 
danger.  It  detonates  also  when  treated  in  the  same 
way  with  almost  all  the  metals,  and  likewise  with  cin- 
nabar, pyrites,  Sugar,  gums,  oils,  alcohol,  &c.  When 
thrown  upon  platinum  heated  to  whiteness,  it  does 
not  detonate,  but  sublimes.  The  surface  of  the  plati- 
num, however,  is  oxidized;  for  acetic  acid  dissolves  a 
part  of  it ; and  when  prussiat  of  lime  is  poured  into  the 
solution,  the  liquid  becomes  of  a greenish  white  co- 
lour *.  When  this  salt  is  triturated  in  a mortar  with  a 
little  cotton  cloth,  small  repeated  explosions  are  heard 
similar  to  the  crack  of  a whip,  and  if  the  cotton  be  dry 
and  warm  it  sometimes  takes  fire.  It  always  does  so 
when,  after  the  tituration  has  been  continued  for  some 
time,  sulphuric  acid  is  poured  upon  the  cotton.  When 
nitric  acid  is  poured  upon  a mixture  of  oxy^muriat  of 
potass  and  phosphorus,  flakes  of  flame  are  emitted  at 
intervals  for  a considerable  time  f. 

1 he  theory  of  these  explosions  was  first  pointed  out  by 
Berthollet.  1 he  oxygen  of  the  acid  combines  with  the 
combustible,  and  at  the  same  time  lets  go  a quantity  of 
caloric ; and  trituration  or  percussion  acts  merely  by 
bringing  the  particles  which  combine  within  the  sphere 
of  each  others  attraction. 

The  action  of  the  acids  on  this  salt  has  been  treated 
of  already  in  a former  part  of  this  Work|. 


* Morvcau,  Ann.  Je  Cbim.  XXV.  1 8. 
f Collier,  Mancbtilcr  Mem.  v 11<). 

Vol.II.  Ee 
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This  salt  was  employed  in  bleaching  after  the  disced 
very  of  the  whitening  property  of  oxymuriatic  acid  j 
but  other  compounds  have  been  lately  substituted  in  its 
place. 


Sp.  2.  Hyperoxymuriat  of  Soda. 

Mr  Chenevix  must  be  considered  as  the  first  chemist 
who  published  a description  of  this  salt,  for  the  short 
notice  of  Dalfuz  and  Gadolin  * scarcely  conveys  any 
precise  information.  It  may  be  prepared  by  the  same 
process  as  hyperoxymuriat  of  potass  ; but  it  is  difficult 
to  obtain  it  pure,  as  it  is  nearly  as  soluble  in  water  as 
muriat  of  soda.  Mr  Chenevix  procured  a little  of  it 
pure  by  dissolving  the  mixtures  of  muriat  and  hyperoxy- 
muriat of  soda  in  alcohol,  and  crystallizing  repeatedly. 

Properties.  It  crystallizes  in  cubes,  or  in  rhomboids  differing  lit- 
tle from  that  form.  It  produces  a sensation  of  cold  in 
the  mouth,  and  its  taste  is  readily  distinguished  from 
that  of  muriat  of  soda.  It  is  soluble  in  3 parts  of  cold 
water,  and  still  more  soluble  in  warm  water.  When 
exposed  to  the  air  it  is  slightly  deliquescent.  It  is  so- 
luble in  alcohol,  and  has  the  property  of  rendering  mu- 
riat of  soda  more  soluble  than  usual  in  that  liquid.  It 


Composi-  is  composed  of > 66.2 

tion.  29.6 

4.2 


100,0  f. 


**  Ann.  de  Cbim.  i.  22J. 

| Chenevix  On  Hyper  oxygenized  Muriatic  Acid.  Till.  Trans.  iSofc. 
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Sp.  3.  Hyperoxymuriat  of  Barytes . 

It  s much  more  difficult  to  procure  the  earthy  hyper- 
oxymuriats  than  the  alkaline  ; the  affinity  between  their 
constituents  seetiis  to  be  much  weaker.  The  best  method 
of  obtaining  the  hyperoxymuriat  of  barytes  is  to  pour 
warm  water  on  a quantity  of  the  earth  procured  by  V au- 
quelin’s  method,  and  to  pass  a current  of  gas  through 
this  mixture  kept  warm.  By  this  method  the  usual 
mixture  of  muriat  and  hyperoxymuriat  is  obtained. 
Now  these  pure  salts,  when  barytes  is  their  base,  posses- 
ses the  same  degree  of  solubility,  and  resemble  each  other 
in  the  form  of  their  crystals,  so  that  they  cannot  be  ob- 
tained separate  by  repeated  crystallizations.  Mr  Chene- 
vix  succeeded  by  the  following  ingenious  method  : Phos- 
phat  of  silver,  when  boiled  in  solutions  of  the  earthy 
muriats,  has  the  property  of  decomposing  them  ; the 
phosphoric  acid  combines  with  the  earth,  and  the  mu- 
riatic acid  with  the  oxide  of  silver.  But  this  salt  pro- 
duces no  such  change  on  the  earthy  hyperoxymuriats. 
Now  both  the  phosphat  of  barytes  and  the  muriat  of  sil- 
ver are  insoluble  in  water.  Of  course,  when  phosphat 
of  silver  is  boiled  in  a solution  of  muriat  and  hyperoxy- 
muriat of  barytes,  the  whole  muriat  is  decomposed  into 
muriat  of  silver  and  phosphat  of  barytes,  which  are  in- 
soluble, and  the  only  substance  which  remains  in  solu- 
tion is  hyperoxymuriat  of  barytes. 

This  salt  is  soluble  in  4 parts  of  cold  water,  and  in 
less  warm  water  It  is  decomposed  by  all  the  acids 
placed  in  the  tables  of  affinity  above  the  benzoic  j and 
the  decomposition  by  the  stronger  acids  is  more  fre- 
quently accompanied  by  a flash  of  light  than  the  decom- 
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position  of  the  alkaline  hyperoxymuriats. 

nent  parts  are 47.0  acid 

42.2  barytes 
10.8  water 


Its  compo- 


loo.o  * 


Sp.  4.  Hyperoxymuriat  of  Strontian. 

This  salt  was  prepared  and  purified  by  Mr  Chene- 
vix  by  the  same  processes  as  the  last  species,  with  which 
indeed  it  agrees  in  most  of  its  properties.  It  is  deliques- 
cent, and  more  soluble  in  alcohol  than  muriat  of  stron- 
tian. It  crystallizes  in  needles,  which  melt  in  the  mouth 
and  produce  the  sensation  of  cold.  Its  constituents  are 
Composi-  46  acid 

t,0*‘  26  strontian 

28  water 


1 oof 

Sp.  5.  Hyperoxymuriat  of  Lime. 

This  salt  may  be  procured  and  purified  in  the  same 
way  as  the  two  last  species.  It  is  very  deliquescent, 
and  undergoes  the  watery  fusion  when  slightly  heated. 
Alcohol  dissolves  it  copiously.  Its  taste  is  sharp  and 
bitter  ; and  when  it  dissolves  in  the  mouth,  it  produces 
a strong  sensation  of  cold.  Its  constituents  are 

55.2  acid 

28.3  lime 

16.5  water 

100.0  t 

1 

# Chcncv ix  On  Hypcroxygenizei  Muriatic  Acid.  Phil-  Trans.  l8oi> 

| Chenevix.  Ibid.  j Chcncvix,  i.  • Ibid, 
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This  salt,  or  rather  a mixture  of  the  muriat  and  hyper-  Chap.  IIL 
oxymuriats  of  lime,  is  used  by  bleachers,  and  is  said  to 
answer  the  purpose  completely. 

Sp.  6.  Hy per oxy  muriat  of  ammonia. 

This  salt  may  be  formed  by  pouring  carbonat  of  am- 
monia into  a solution  of  an  earthy  hyperoxymuriat. 

The  carbonat  of  the  earth  precipitates,  and  hyperoxy- 
muriat of  ammonia  remains  in  solution.  This  salt  has 
been  described  by  Mr  Chenevix  only.  It  is  very  solu- 
ble in  water  and  in  alcohol.  It  is  decomposed  at  a very 
low  temperature,  and  gives  out  gas,  together  with  the 
smell  of  hyperoxymuriatic  acid.  The  proportion  of  the 
constituents  of  this  salt  are  still  unknown. 

Sp.  7.  Hyperoxymuriat  of  magnesia. 

This  salt  may  be  prepared  in  the  same  way  as  hy- 
peroxymuriat of  lime,  which  it  resembles  in  most  of 
its  properties.  Its  constituents  are 

60.0  acid 
25.7  magnesia 

14.3  water 


1 00.0  * 

Sp.  8.  Hyperoxymuriat  of  alumina . 

When  newly  precipitated  alumina  is  mixed  with  wa- 
ter, and  a current  of  oxymuriatic  acid  gas  passed  through 
it,  the  earth  disappears,  and  the  liquid,  when  mixed 


A Chenevix  On  Hyptrexygenized  Muriatic  Acid.  Phil,  Tram  180J. 
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with  sulphuric  acid,  exhales  the  odour  of  hyperoxymu- 
riatic  acid ; a proof  that  hyperoxymuriat  of  alumina 
was  formed.  But  it  cannot  be  separated  from  the  mu- 
riat  of  alumina  by  means  of  phosphat  of  silver.  It  is 
deliquescent  and  soluble  in  alcohol.  The  proportions 
of  its  component  parts  have  not  been  ascertained 

Genus  X.  Arseniats. 

The  existence  of  this  genus  of  salts  was  first  disco- 
vered by  Macquer;  but  their  nature  and  composition 
was  first  pointed  out  by  Scheele  in  his  Dissertation 
on  Arsenic,  published  in  1775.  Since  the  researches 
of  these  two  illustrious  chemists,  scarcely  any  addition 
has  been  made  to  our  knowledge  of  the  arseniats,  if  we 
except  a few  observations  on  some  of  these  salts  by  Pel- 
letier. 

They  may  be  distinguished  by  the  following  proper- 
ty : 

Character.  When  heated  along  with  charcoal  powder,  they  are 
decomposed,  and  arsenic  sublimes. 

Sp.  I.  Arseniut  of  Barytes. 

This  salt  was  formed  by  Scheele  by  dissolving  bary- 
tes in  arsenic  acid.  When  the  saturation  was  nearly 
completed,  the  salt  precipitated  in  the  state  of  an  inso- 
luble powder.  It  may  be  formed  also  by  mixing  ar- 
seniat  of  potass  with  nitrat  or  muriat  of  barytes.  This 
salt  is  insoluble  in  water,  except  there  be  an  excess  of 
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acid.  When  exposed  to  a violent  heat,  it  shows  a ten- 
dency to  melt,  but  is  not  decomposed  *. 

Sp.  a.  Arseniat  of  Strontian . 

Unknown. 

Sp.  3.  Arseniat  of  Lime. 

When  arsenic  acid  is  dropt  into  lime-water,  arseniat 
of  lime  is  precipitated  ; but  if  an  excess  of  acid  be  add- 
ed, the  salt  is  redissolved,  and  yields  when  evaporated 
small  crystals  of  arseniat  of  lime,  which  are  soluble  in 
water,  and  decomposed  by  sulphuric  acid.  This  salt 
may  be  formed  also  by  dissolving  chalk  in  arsenic  acid, 
or  by  mixing  the  alkaline  arseniats  with  the  mtrat, 
muriat,  or  acetat  of  lime.  Arseniat  of  lime,  when 
heated,  exhibits  the  same  phenomena  as  the  first  spe- 
cies I, 

Sp.  4.  Arseniat  of  Magnesia. 

Magnesia  dissolves  in  arsenic  acid;  but  when  the 
acid  is  nearly  saturated,  the  solution  becomes  thick  and 
coagulates.  The  coagulum  redissolves  in  ap^excess  of 
acid,  and  yields  when  evaporated  an  incrystallizable 
gummy  mass.  This  salt  may  be  obtained  also  by  mix- 
ing the  alkaline  arseniats  with  nitrat,  muriat,  and  ace- 
tat. of  magnesia.  When  heated,  it  exhibits  the  same 
phenomena  as  the  first  species  J . 


* Scheele,  L 163. 
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P i vision  1L  &p-  $.  Arseniat  of  Potass. 

When  arsenic  acid  is  saturated  with  potass,  it  form# 
an  incrystallizable  salt,  which  deliquesces  in  the  air 
renders  syrup  of  violets  green,  but  does  not  alter  the  in- 
fusion of  turnsole.  When  heated  in  a clay  crucible, 
it  is  partly  converted  into  a white  glass,  and  partly 
changed  info  super-arseniat  of  potass.  When  mixed 
with  one-eighth  of  its  weight  of  charcoal  powder,  and 
distilled  in  a retort,  it  swells  and  bubbles  up  violently, 
evidently  in  consequence  of  the  disengagement  of  car- 
bonic acid  gas,  and  at  the  same  time  a quantity  of  arse- 
nic is  sublimed  : the  residuum  is  merely  carbonat  of 
potass  and  charcoal.  This  salt  is  decomposed  by 

1.  Nitrat,  muriat,  and  acetat  of  barytes. 

2.  Nitrat,  muriat,  and  acetat  of  Jime'^nd  of  magnesia  * 

Sp-  6.  Super-arseniat  of  Potass. 

This  salt  was  first  formed  by  Macquer  ;.and  for  that 
reason  was  iong  distinguished  by  the  name  of  arsenical 
neutral  salt  of  Macquer.  He  obtained  it  by  distilling 
in  a retort  a mixture,  consisting  of  equal  parts  of  white 
oxide  of  arsenic  and  nitre.  After  the  distillation  the 
white  saline  mass,  which  remained  in  the  retort,  was 
dissolved  in  hot  water  and  filtered.  When  properly 
evaporated,  beautiful  transparent  crystals  of  super-arse- 
niat of  arsenic  are  obtained  f . 

Scheele  first  ascertained  the  composition  of  this  salt, 
by  discovering  that  it  was  obtained  by  addifig  arsenic' 
acid  to  the  arseniat  of  potass  till  the  solution  ceases  to 
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alter  the  colour  of  syrup  of  violets.  It  then  reddens  Chap 
the  infusion  of  turnsole,  and  yields  by  evaporation  fine 
crystals  of  Macquer’s  neutral  salt. 

This  salt  crystallizes  in  four-sided  prisms,  terminated 
by  four -sided  pyramids,  the  edges  of  which  correspond 
with  those  of  the  prism.  It  is  soluble  in  water,  and 
gives  a red  colour  to  vegetable  blues.  This  salt  is  not 
decomposed  by  salts  with  base  of  lime  or  magnesia,  as  is 
the  case  with  arseniat  of  potass  *« 

Sp.  7.  Arseniat  of  Soda. 

When  arsenic  acid  is  saturated  with  soda,  it  yields 
by  evaporation  crystals  of  arseniat  of  soda,  which,  ac- 
cording to  Scheele,  are  similar  to  those  of  the  super-ar- 
seniat  of  potass  : but,  according  to  Pelletier,  are  regular 
six-sided  prisms,  not  terminated  by  any  pyramids.  Its 
properties  when  heated,  as  far  as  they  have  been  exami- 
ned, coincide  with  those  of  arseniat  of  potass.  When  an 
excess  of  acid  is  added,  this  salt  does  not  crystallize ; 
and  when  evaporated  to  dryness,  attracts  moisture  again 
from  the  air  f. 

Sp.  8.  Arseniat  of  Ammonia. 

\ 

When  arsenic  acid  is  saturated  with  ammonia,  the 
•solution  yields  by  evaporation  crystals  of  arseniat  of 
ammonia  in  rhomboidal  prisms,  which  give  a green  co- 
lour to  syrup  of  violets.  With  an  excess  of  acid,  it 
yields  needle-formed  crystals  of  super-arseniat  of  am- 
monia, which  deliquesce  when  exposed  to  the  air. 

When  arseniat  of  ammonia  is  gently  heated,  it  loses 


♦ Macquqr  and  Scheele. 
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lts  transParencj  and  part  of  its  alkali.  In  a strong  heat 
a portion  of  the  ammonia  is  decomposed,  water  is  form- 
ed, arsenic  sublimed,  and  azotic  gas  disengaged.  This 
was  one  of  the  experiments  which  first  led  Scheele  to 
the  discovery  of  the  component  parts  of  ammonia  *. 

Sp.  9.  Arseniat  of  Glucina . 

Unknown. 

Sp.  10.  Arseniat  of  Ytttia. 

When  yttria  is  dissolved  in  arsenic  acid,  and  the  so- 
lution boiled,  arseniat  of  yttria  precipitates  in  the  state 
of  a white  powder  f.  Arseniat  of  potass  precipitates 
yttria  from  acids  $. 

Sp.  li.  Arseniat  of  Alumina . 

Arsenic  acid  readily  dissolves  newly  precipitated 
alumina.  When  the  solution  is  evaporated,  it  gives  a 
thick  mass  insoluble  in  water.  This  salt  may  be  form- 
ed by  mixing  the  alkaline  arseniats  with  sulphat,  nitrat„ 
jnuriat,  or  acetat  of  aldminaf. 

Sp.  1 2.  Arseniat  of  Zirconia. 

Unknown. 


• 5cheele,  i.  145. 

t Eckeberg,  Crell’s  Annals,  1799,  ii.  70. 
t Klaproth’s  Bcitragc,  iii.  76. 
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FoURCROY  has  given  this  name  to  the  combinations 
formed  between  white  oxide  of  arsenic,  or  arsemous  acid 
as  he  calls  it,  and  the  alkalies  and  earths.  They  were 
formerly  termed  livers  of  arsenic,  from  some  fancied  re- 
semblance which  was  traced  between  arsenic  and  sul- 
phur. The  alkaline  arsenites  may  be  prepared  by  dis- 
solving the  white  oxide  in  alkaline  solutions.  They 
form  a thick  viscid  yellow-coloured  liquid,  with  a very 
nauseous  odour.  They  do  not  crystallize:  heat  decom- 
poses them,  by  subliming  the  oxide,  and  almost  all  the 
acids  precipitate  the  arsenic  in  the  form  of  a white 
powder  *. 

The  earthy  arsenites,  as  far  as  they  have  been  exa- 
mined, are  insoluble  powders.  Hence  the  reason  that, 
white  oxide  of  arsenic  occasions  a precipitate  when 
dropt  into  lime,  barytes,  or  strontian  water. 

These  salts  have  been  but  very  superficially  exami- 
ned, and  are  by  no  means  sufficiently  known  to  admit 
qf  a detailed  description. 


Genus  XII.  Molybdats. 

These  salts,  composed  of  molybdic  acid  combined 
with  the  alkalies  and  earths,  were  formed  by  Scheele ; 
hut  their  properties  are  still  almost  completely  un- 
known. The  supermolybdat  of  potass  alone  has  been 
described  with  some  detail.  It  is  formed  by  detonating 


0 Macquer’s  Dictionary. — Bergman,  ii.  296. 
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salts. 


DhWonH.  °nC  Part  su^phuret  of  molybdenum  and  three  parts  of 
nitre  in  a crucible.  By  dissolving  the  reddish  mass 
which  remains  after  this  operation  and  filtering,  a solu- 
tion of  sulphat  of  potass  and  molybdat  of  potass  is  ob- 

Snpemio-  tained.  By  evaporating  the  solution,  the  sulphat  of 
fybdat  ol  • - • r 

yotass.  potass  is  separated  ; when  sulphuric  acid  is  dropt  into 

the  remaining  liquid,  supermolybdat  of  potass  is  pre- 
cipitated. This  salt  is  soluble  in  water.  Its  solution 
crystallizes  by  evaporation  in  small  rhomboidal  plates 
inserted  into  each  other.  They  are  bright,  and  have  a 
metallic  taste.  When  exposed  to  the  blow-pipe  upon 
charcoal,  they  melt  without  swelling,  and  are  converted 
into  small  globules,  which  are  quickly  absorbed  by  the 
charcoal.  When  melted  with  a mixture  of  phosphat 
of  soda  and  of  ammonia  ("or  microcosmic  salt^,  they 
communicate  a green  tinge.  Hot  water  dissolves  them 
completely,  and  prussiat  of  potass  occasions  in  this  so- 
lution a reddish  brown  precipitate.  When  a solution 
of  muriat  of  tin  is  poured  upon  them,  they  acquire  a 
blue  colour  *. 


Grnus  XIII.  Tungstats. 


Though  Scheele  fir§t  announced  the  existence  of  these 
salts,  we  owe  the  first  observations  concerning  their 
properties  to  the  De  Luyarts ; and  the  indefatigable 
Vauquelin,  assisted  by  Mr  Hecht,  has  lately  given  a 
detailed  description  of  them  from  his  own  experiments f. 
These  salts  are  combinations  of  the  yellow  oxide  of 
tungsten  with  the  alkalies  and  earths. 


* Klaproth,  Ann.  de  Cbim.  viii.  106. 
f your,  de  Min.  No.  19.  p.  JO. 
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Chap.  Iff. 

Sp,  I.  Tungstat  of  Potass.  v 

This  salt  may  be  formed  by  dissolving  oxide  of 
tungsten  in  the  solution  of  potass  or  carbonat  of  potass. 

The  solution  always  retains  an  excess  of  potass,  refu- 
sing to  dissolve  the  oxide  before  the  alkali  be  complete- 
ly neutralized.  By  evaporation  the  tungstat  of  potass 
precipitates  in  the  state  of  a white  powder. 

This  salt  has  a metallic  and  caustic  taste ; it  is  so- 
luble in  tv  ate  r,  and  very  soon  deliquesces  when  expo- 
sed to  the  air.  Its  solution  in  water  is  decomposed  by- 
all  the  acids : they  occasion  a precipitate  composed  of 
the  oxide,  potass,  and  the  acid  employed.  This  preci- 
pitate or  triple  salt  is  the  molydic  acid  ot  Scheele  . 

Sp.  2.  'TuAgstat  of  Soda. 

This  salt  may  be  formed  by  the  same  process  as  the 
last.  When  the  solution  is  evaporated,  the  tungstat  of 
soda  crystallizes  in  elongated  hexahedral  plates. 

It  has  an  acrid  and  caustic  taste;  it  is  soluble  in  four 
parts  of  cold  water,  and  in  two  parts  of  boiling  water. 
Sulphuric,  nitric,  muriatic,  acetic,  and  oxalic  acids, 
occasion  a precipitate  in  its  solution,  which  is  a triple 
salt,  varying  according  to  the  acid  employed.  Phos- 
phoric acid  occasions  no  precipitate,  nor  is  any  preci- 
pitate produced  when  sulphuric  acid  is  dropt  in  after 
phosphoric  acid.  No  precipitate  is  occasioned  by  the 
sulphats  of  potass  and  of  magnesia;  but  a white  preci- 
pitate is  occasioned  by  the  following  salts : 

1.  Muriats  of  lime  and  barytes  ; alum. 

2.  Almost  all  metallic  saltsf. 


* Vauquelin  and  Hccht,  Jour,  dt  Min.  No.  19.  p.  20.  t 1^4* 


SALTS. 


Book  II. 
division  II. 


Sp.  3.  Tungstat  of  Ammonia. 
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This  salt  may  be  formed  by  the  same  process  as  the 
others.  By  evaporating  the  solution,  the  tungstat  of 
ammonia  crystallizes,  sometimes  in  small  scales  resem- 
bling boracic  acid,  and  sometimes  in  four-sided  prisma- 
tic needles.  Its  taste  is  metallic  ; it  is  soluble  in  wa- 
ter, does  not  deliquesce  in  the  air,  and  is  decomposed 
completely  by  heat.  It  is  composed  of 
78  oxide 

2 2 ammonia  and  water 
ioo* 


Sp.  4.  'Tungstat  of  Barptes . 

Am  insoluble  powder,  not  examined  f. 

Sp.  5.  Tungstat  of  Lime. 

Tins  salt  is  found  native,  and  is  known  to  mineralo- 
gists by  the  name  of  tungsten.  It  was  first  described, 
and  gave  its  name  to  the  metallic  oxide  and  to  the  whole 
genus.  It  is  usually  crystallized  ; and  from  the  ob- 
servations of  Bournon,  it  appears  that  its  primitive  form 
is  an  octahedron  composed  of  two  four-sided  pyramids, 
applied  base  to  base  ; the  faces  are  isosceles  triangles  ; 
and  the  angle  at  the  apex  440  16':  each  of  the  others 
67°  52'  The  solid  angle  at  the  apex,  taken  on  the  fa- 
ces, is  48°;  taken  on  the  edges  of  the  crystal,  64° 
22'J. 


* Vauquelin  and  Hecht,  Jour,  de  Min.  No.  19.  p.  20. 
t Scheele,  ii.  90. 

J Bournon,  Jour,  de  Min.  An.  xi.  No.  75.  p.  i6r. 
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It  is  of  a yellowish  grey  colour,  and  sometimes  cry-  Chap,  ill. 
stallized,  and  always  somewhat  transparent.  The  pri- 
mitive form  of  its  crystals,  according  to  Hauy,  is  the 
octahedron.  Its  specific  gravity  is  about  6,  and  its  hard- 
ness is  generally  considerable.  It  is  insoluble  in  water, 
and  is  not  sensibly  altered  by  exposure  to  heat.  Ac- 
cording to  the  analysis  of  Scheele,  it  is  composed  of 
70  oxide  of  tungsten 
30  lime 

100 

Sp.  6.  Tungstat  of  Magnesia. 

When  the  yellow  oxide  of  tungsten  is  boiled  with 
carbonat  of  magnesia,  the  liquid  yields,  when  evapora- 
ted, tungstat  of  magnesia  in  small  brilliant  scales.  It 
is  soluble  in  water,  not  altered  by  exposure  to  the  air, 
and  has  a taste  similar  to  that  of  the  other  species  of 
tungstats.  When  an  acid  is  dropt  in,  a white  powder 
or  triple  salt  precipitates. 

Sp.  7.  Tungstat  of  Alumina. 

This  salt  is  an  insoluble  powder. 

Sp.  8.  Nitrated  Tungstat  of  Potass . 

These  tungstats  are  capable  of  combining  with  a 
number  of  acids,  and  forming  with  them  a particular 
kind  of  neutral  salts  which  have  not  been  particularly 
examined,  if  we  except  nitrated  tungstat  of pot  ass , which 
is  the  salt  originally  described  by  Scheele  under  the 
n&me  of  acid  of  tungsten. 

This  salt  is  obtained  in  the  form  of  a white  powder ; 
it  has  an  acid  and  bitter  taste,  reddens  the  infusion  of 
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DWWon  H.  turns0*e>  ar*d  is  soluble  in  20  parts  of  boiling  water. 

V ' The  De  Luyarts  first  shewed  it  to  be  a compound  of 

nitric  acid,  oxide  of  tungsten,  and  potass. 

Genus  XIV.  Chromats. 

This  g'enus  of  salts  is  still  almost  entirely  unknown. 
The  alkaline  chromats  are  capable  of  crystallizing,  and 
are  easily  distinguished  by  the  beautiful  orange  colour 
of  the  crystals,  and  of  their  solution  in  water.  The 
earthy  chromats  seem  to  be  nearly  insoluble  in  water. 


Genus  XV.  Columbats. 

'These  salts,  which  have  been  examined  only  by 
Mr  Hatchett,  are  too  imperfectly  known  to  admit  of  a 
generic  description.  Columbic  acid  combines  with  the 
fixed  alkalies  both  by  the  dry  and  humid  way  ;'but  it 
does  not  appear  to  combine  with  ammonia. 

Sp.  x.  Columlat  of  Potass. 

When  columbic  acid  is  boiled  in  a solution  of  potass, 
a portion  of  it  is  dissolved,  and  the  solution  yields  by 
evaporation  a white  glittering  salt  in  scales,  very  much 
resembling  boracic  acid.  Its  taste  is  acrid  and  disa- 
greeable. It  is  not  altered  by  exposure  to  the  air. 
Cold  water  dissolves  it  sparingly  ; but  the  solution  is 
colourless  and  permanent.  The  acid  is  precipitated  by 
nitric  acid,  and  other  acids,  in  the  state  of  a white  pow- 
der *. 


* Hatchett’s  Analyst  of  a Mineral  from  North  America.  Phil.  Tram. 
180a. 
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ORDER  IT.  COMBUSTIBLE  SALTS; 

This  order  contains  17  genera.  It  is  the  acid  of  the 
Salts  belonging  to  it  which  is  combustible.  In  the  two 
first  genera  the  acid  is  only  partially  destroyed,  leaving 
salts  in  at:  in  all  the  rest  it  is  totally  dissipated. 

Genus  I.  Sulphites. 


These  salts  are  formed  by  saturating  the  alkaline 
and  earthy  bases  with  sulphurous  acid.  The  easiest 
process  is  that  which  was  followed  by  Berthollet,  and 
afterwards  by  Vauquelin  and  Fourcroy.  The  proper 
mixture  of  sulphuric  acid  and  mercury  for  obtaining 
sulphurous  acid  is  to  be  put  into  a glass  vessel,  from 
which  there  passes  a tube  into  a srilall  bottle  containing 
a little  water.  From  this  bottle  there  passes  anothef 
tube  into  one  of  Woulfe’s  bottles,  which  contains  the 
alkaline  or  earthy  base  designed  to  be  combined  with 
sulphurous  acid,  either  dissolved  or  suspended  in  wa- 
ter. When  the  apparatus  is  properly  adjusted,  heat  is 
applied  to  the  mixture  of  mercury  and  acid  ; sulphur- 
ous acid  gas  passes  over  first  into  the  bottle  faith  water, 
where  the  sulphuric  acid,  if  any  passes  along  with  it, 
is  detained ; thence  it  passes  into  the  Woulfe’s  bottle, 
where  it  combines  with  the  base.  When  the  base  is 
saturated,  crystals  of  sulphite  often  form  spontaneous- 
ly, or  they  may  be  obtained  by  evaporating  the  solu- 
tion. 

The  sulphites  were  first  pointed  out  by  Stahl ; but 
scarcely  any  of  them  %tfere  examined  except  sulphite  of 
ii^jjttass,  till  Berthollet  maffe  a set  of  experiments  on  them 
^\l.  II.  F£ 


Chap.  III. 
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DWis°ion  H.  alaout  the  7ear  1 79°  *•  But  a much  more  complete 
u— y~— ' description  of  them  was  published  by  Fourcroy  and 
Vauquelin,  from  their  own  experiments,  in  the  year 
1 797  1* 

Sulphites  are  distinguished  by  the  following  proper- 
ties : 

Characters.  J*  A disagreeable  taste,  analogous  to  that  of  burning 
sulphur. 

2.  When  heated,  they  emit  sulphurous  acid  and  wa- 
ter, and  then  sulphur,  which  takes  fire  and  burns  with 
a violent  flame,  if  the  experiment  be  performed  in  an 
open  crucible.  A portion  of  sulphat  remains  behind. 

3.  When  exposed  to  the  air  in  a state  of  solution, 
they  absorb  oxygen,  and  are  converted  into  sulphats. 

4.  When  they  are  dropt  into  nitric  acid,  red  vapours 
are  disengaged  in  abundance,  and  the  salts  are  convert- 
ed into  sulphats.  Oxymuriatic  acid  produces  the  same 
effect,  but  partially. 

The  sulphites  at  present  known  amount  to  eight. 

Sj>.  1.  Sulphite  of  Harytes. 

This  salt  was  mentioned  by  Berthollet;  but  it  was 
first  described  by  Fourcroy  and  Vauquelin.  When 
prepared  by  the  above  described  process,  it  is  in  the 
state  of  a white  powder ; but  it  may  be  obtained  cry- 
stallized in  opaque  needles,  or  in  transparent  tetrahe- 
drons with  their  angles  truncated,  by  dissolving  it  in 
sulphurous  acid  and  evaporating  slowly.  It  has  but 
very  little  taste.  Its  specific  gravity  is  1.6938J.  It 
is  insoluble  in  water. 


* 4rw.  de  Cbim.  ii.  54.  f Ibid.  xxiv.  32?. 

t Hassenfratz,  Ibid,  xxviii.  13. 
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When  heated  strongly,  sulphur  is  disengaged,  and 
sulphat  of  barytes  remains.  A long  exposure  to  the  air 
is  necessary  before  it  is  converted  into  a sulphat. 

It  is  composed  of  39  acid 

59  barytes 
2 water 


100  » 

It  is  decomposed  by  the  following  salts  : 
x.  All  the  sulphats  *. 

2.  All  the  alkaline  and  earthy  phosphats,  except  phos- 

phats  of  barytes,  lime,  and  silica. 

3.  Nitrat  and  muriat  of  strontian. 

4.  Carbonats  of  potass,  soda,  and  ammonia. 

This  salt  has  hitherto  been  applied  to  scarcely  any 
use.  Fourcroy  employs  it  dissolved  in  sulphurous  acid 
as  a method  of  ascertaining  the  purity  of  sulphurous 
acid.  If  it  occasions  a precipitate,  it  is  a proof  that  the 
acid  contains  a mixture  of  the  sulphuric. 

Sp.  2.  Sulphite  of  Lime. 

This  salt  was  first  mentioned  by  Berthollet,  and  de- 
sribed  by  Fourcroy  and  Vauquelin. 

When  obtained  by  the  above  described  process,  it  has 
the  form  of  a white  powder  5 but  if  an  excess  of  sul- 
phurous acid  be  added,  it  dissolves  and  crystallizes  on 
cooling  in  six-sided  prisms,  terminated  by  long  six-sided 
pyramids.  It  has  scarcely  any  taste  ; however,  when 
kept  long  in  the  mouth,  it  communicates  to  the  tongue 
a taste  which  is  manifestly  sulphureous.  It  requires 


• Salts  with  the  same  base  are  always  supposed  excluded^ 

F f 2 


452 

SALTS. 

Book  II.  , 

Divisiorwj.  bout  800  parts  of  water  to  dissolve  it.  When  expo- 
sed to  the  air,  it  effloresces  very  slowly,  and  its  surface 
is  changed  into  sulphat  of  lime.  When  heated,  it  loses 
Us  water  of  crystallization,  and  falls  to  powder.  A vio- 
lent heat  disengages  some  sulphur,  and  converts  it  into 
sulphat  of  lime. 

Compos;-  lt  is  composed  of  48  acid 

47  lime 
5 water 

100  . 

It  is  decomposed  by  the  following  salts : 

1.  All  the  alkaline  and  earthy  phosphats. 

2.  Fluats  and  carbonats  of  barytes,  strontian,  potass,  so- 

da  and  ammonia,  and  fluat  of  magnesia. 

3-  Almost  all  metallic  salts. 


Sp-  3*  Sulphite  of  Potdss 

This  salt  was  formed  by  Stahl,  but  was  first  accm- 
rately  described  by  Berthollet,  Fourcroy,  and  Vauque- 
lm.  It  was  formerly  known  by  the  name  of  sulphure- 
ous salt  of  Stahl.  It  may  be  formed  by  passing  sulphu- 
rous acid  into  a saturated  solution  of  carbonat  of  potass 
till  all  effervescence  ceases.  The  solution  becomes  hot, 
and  crystallizes  by  cooling*. 

Properties.  Its  crystals  are  white  and  transparent ; their  figure 
that  of  rhomboidal  plates.  Its  crystallization  often  pre- 
. sents  sma11  needles  diverging  from  a common  centre f. 
Its  specific  gravity  is  1.586  £.  Its  taste  is  penetrating 


• Fourcroy  and  Vauquclin,  Nicholson’s  Journal,  i.  317. 
t Il>‘d.  | Hasseniratr,  Ann.  <U  dim.  xxviii.  it. 
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and  sulphureous.  At  the  common  temperature  of  the  ,chaP-  m-, 
atmosphere  it  is  soluble  in  its  own  weight  of  water,  but 
much  more  soluble  in  boiling  water.  When  exposed 
to  the  air,  it  scarcely  changes  its  appearance,  loses  about 
2 per  cent,  of  its  weight,  and  then  is  gradually,  but  very 
slowly,  converted  into  sulphat  of  potass.  \^hen  expo- 
sed to  a sudden  heat,  it  decrepitates,  loses  its  water, 
and  a portion  of  its  acid  ; then  a quantity  of  sulphur  is 
disengaged  from  the  remaining  acid,  and  the  residuum 
is  sulphat  of  potass,  with  a slight  excess  of  alkali.  Ni- 
tric acid  converts  it  into  sulphat  of  potass  by  imparting 
oxygen.  So  does  oxymuriatic  acid,  but  imperfectly, 
as  it  drives  off  a portion  of  its  acid  unchanged. 

It  decomposes  the  oxides  of  gold,  silver,  mercury, 
the  red  oxide  of  lead,  the  black  oxide  of  manganese,  and 
the  brown  oxide  of  iron.  When  the  green  oxide  of  iron, 
or  the  white  oxide  of  arsenic,  is  boiled  with  it  in  wa- 
ter, and  an  acid  added,  a precipitate  takes  place  consist- 
ing of  these  oxides  united  to  some  sulphur,  and  the  salt 
is  converted  into  a sulphat : at  the  same  time  sulphure- 
ted  hydrogen  gas  is  emitted. 

From  a course  of  experiments  which  1 have  made  on  Composi- 
this  salt,  it  follows,  that  its  component  parts  are  in  the  tl0n* 
following  proportions  : 

43-5  acid 
54.5  potass 
2.0  water 

100. o 

It  is  decomposed  by  the  following  salts : 

I.  All  the  alkaline  and  earthy  sulphats,  except  those  of 
barytes  and  potass. 
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Division  If.  2‘  ^trats  of  barytes,  soda,  strontian,  lime,  magnesia, 
v~  glucina,  alumina,  zirconia. 

3-  Muriats  of  barytes,  soda,  strontian,  lime,  ammonia, 

magnesia,  glucina. 

4-  Phosphats  of  soda,  ammonia,  glucina,  alumina,  zir= 

conia. 

5.  Fluats  of  barytes,  strontian,  magnesia^  soda,  ammo= 

nia. 

6.  Carbonat  of  soda. 

7*  All  metallic  salts  except  carbonats. 

This  salt  has  not  hitherto  been  applied  to  any  use. 

Sj>.  4.  Sulphite  of  Soda. 

This  salt  was  first  accurately  described  by  Fourcroy 
and  Vauquelin.  It  is  white  and  perfectly  transparent. 
Its  crystals  are  four-sided  prisms,  with  two  very  broad 
sides  and  two  very  narrow  ones,  terminated  by  dihedral 
summits.  Its  specific  gravity  is  2.9566*.  Its  taste 
is  cool  and  sulphureous.  It  is  soluble  in  four  times  its 
weight  of  cold  water,  and  in  less  than  its  weight  of  boil- 
ing water.  By  exposure  to  air  it  effloresces,  and  i> 
slowly  converted  into  a sulphat.  When  exposed  to  heat 
it  undergoes  the  watery  fusion,  and  afterwards  exhibits 
precisely  the  same  phenomena  as  the  sulphite  of  potass. 
Metallic  oxides  and  salts  affect  it  precisely  as  they  dp 
sulphite  of  potass. 

It  is  composed  of  31  acid 
18  soda 
51  water 


100 


* Hasscnfiatz,  Ann.  dt  Cbim.  xxviii.  is. 
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It  is  decomposed  by  the  following  salts  : 

1.  All  the  alkaline  and  earthy  sulphats  except  those  of 

barytes  and  soda. 

2.  Nitrats  of  barytes,  strontian,  lime,  magnesia,  gluci- 

na,  alumina,  zirconia. 

3.  All  the  earthy  and  alkaline  muriats  except  those  of 

potass,  soda,  and  silica. 

4.  Phosphats  of  lime,  magnesia,  ammonia,  glucina,  alu- 

mina, zirconia. 

5.  Fluats  of  barytes,  strontian,  magnesia,  ammonia. 

6.  Borat  and  carbonat  of  potass. 

•1.  Almost  all  metallic  salts. 

This  salt  has  not  been  applied  to  any  use. 


Chap.  III. 


Sp.  5.  Sulphite  of  Strontian. 
Unknown. 


Sp.  6.  Sulphite  of  Ammonia. 

This  salt  was  first  described  by  Fourcroy  and  Vau- 
quelin*.  It  crystallizes  in  six-sided  prisms,  termina- 
ted by  six-sided  pyramids  ; or  in  four-sided  rhomboi- 
dal  prisms,  terminated  by  three-sided  summits.  Its 
taste  is-cool  and  penetrating  like  that  of  the  other  am- 
moniacal  salts,  but  it  leaves  a sulphureous  impression 
in  the  mouth.  It  is  soluble  in  its  own  weight  of  cold 
water,  and  much  cold  is  produced.  Its  solubility  is  in- 
creased by  heat ; so  that  a saturated  boiling  solution 
crystallizes  on  cooling.  When  exposed  to  the  air  it 
attracts  moisture,  and  is  soon  converted  into  a sulphat. 
No  other  sulphite  undergoes  this  change  so  rapidly. 


* Nicholson’*  Journal,  i.  3x7. 
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Division  ir.  When  Seated  it  decrepitates,  a little  ammonia  is  disen- 
* v - gaged,  and  the  salt  then  sublimes  in  the  state  of  super,. 

sulphite  of  ammonia.  Its  habitudes  with  metallic  ox- 
ides  and  salts  are  nearly  the  same  with  those  of  the 
above  described  sulphites,  only  it  is  capable  of  forming 
with  several  of  them  triple  salts*. 

It  is  composed  of  60  acid 

39  ammonia 
11  water 

100 


It  is  decomposed  by  the  following  salts  : 

Sulphats  of  magnesia,  alumina,  zirconia. 

2.  Nitrats  and  muriats  of  barytes,  strontian,  lime,  mag- 
nesia,  glucina,  alumina,  zirconia. 

3-  Phosphats  of  glucina,  alumina,  zirconia,  and  super- 
phosphat  of  lime. 

4.  Fluats  of  barytes,  strontian,  and  magnesia. 

5.  Borats  of  barytes,  strontian,  magnesia,  potass,  and 

soda. 

6.  Carbonats  of  barytes,  potass,  and  soda. 

This  salt  has  not  been  applied  to  any  use. 


Sp.  7.  Sulphite  of  Magnesia. 

This  salt  has  only  been  examined  by  Fourcroy  and 
Vauquelin.  It  is  prepared  like  the  others,  by  satura- 
ting carbonat  of  magnesia  with  sulphurous  acid  ; a vi- 
olent effervescence  takes  place,  and  the  liquid  becomes 
warm.  The  sulphite  as  it  forms  remains  at  the  bot- 
tom in  the  form  of  a white  powder  : But  if  an  excess 
of  acid  be  added,  it  dissolves,  and  may  be  obtained  in 


♦ Nicholson’s  Jour,  i.  317. 
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crystals  by  subsequent  exposure  to  the  air.  Its  crystals  Chap,  ill. 
are  white  and  transparent,  and  in  the  form  of  depressed 
tetrahedrons.  Its  specific  gravity  is  1.3802*.  Its  taste 
is  mild  and  earthy  at  first,  and  afterwards  sulphureous. 

It  becomes  opaque  when  exposed  to  the  air  j but  is  very 
slowly  converted  into  a sulphat.  At  the  temperature 
of  6c 0 it  is  soluble  in  20  parts  of  water.  Boiling  wa- 
ter dissolves  a greater  proportion  of  it ; but  the  solu- 
tion crystallizes  on  cooling.  When  its  solution  in  wa- 
ter is  exposed  to  the  air,  this  salt  is  very  soon  converted 
into  a sulphat.  By  exposure  to  heat,  it  softens,  swells 
up,  and  becomes  ductile  like  gum,  and  loses  0.45  parts 
of  its  weight.  In  a strong  heat  the  acid  is  disengaged, 
and  the  earth  remains  pure. 

It  is  composed  of  ....  39  acid 

16  magnesia 
45  water 

100 

It  is  decomposed  by  the  following  salts  : 
r.  Sulphats  of  magnesia,  alumina,  zirconia. 

2.  Nitrats  of  barytes,  lime,  glucina,  alumina,  zirconia. 

3.  Phosphats  of  lime,  potass,  soda,  ammonia,  glucina, 

alumina,  zirconia. 

4.  Fluats  of  barytes,  strontian. 

5.  Borats  of  strontian,  potass,  soda,  ammonia. 

6.  Carbonats  of  barytes,  strontian,  lime,  potass,  soda, 

ammonia. 

This  salt  has  not  been  applied  to  any  use. 

Sp.  8.  Sulphite  of  Ammonia-cind-Mcignesia. 

This  salt  has  only  been  mentioned  by  Fourcroy.  It 


* Hasscnfratz,  Ann.  dt  dim.  xxviiL  $2. 
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may  be  formed  by  mixing  together/  the  solution  of  sul. 
phite  of  ammonia  and  sulphite  of  magnesia,  or  by  pour- 
ing  ammonia  into  the  sulphite  of  magnesia.  Its  crys. 
tals  are  transparent,  but  their  figure  has  not  been  deter- 
mined.  It  is  less  soluble  in  water  than  either  of  its 
component  parts.  When  exposed  to  the  air,  it  is  gra- 
dually converted  into  sulphat. 

Its  other  properties  have  not  been  examined. 

Sj>.  9.  Sulphite  of  Glucina . 

Unknown. 

Sp.  io.  Sulphite  of  Yttria . 

Unknown. 

Sp.  11.  Sulphite  of  Alumina. 

This  salt  was  first  formed  by  Berthollet ; it  has  been 
described  by  Fourcroy  and  Vauquelin. 

When  formed  by  the  usual  process,  it  remains  in  the 
state  of  a white  powder,  and  does  not  crystallize  though 
dissolved  in  an  excess  of  acid. 

It  is  white  and  soft,  and  has  an  earthy  and  sulphu- 
reous taste.  It  is  insoluble  in  water.  When  exposed 
to  the  air  it  is  gradually  converted  into  sulphat.  Its  so- 
lution in  sulphurous  acid  undergoes  this  change  much 
more  rapidly.  When  heated,  its  acid  disengages  and 
the  alumina  remains  behind,  mixed  however  with  a small 
proportion  of  sulphat  of  alumina. 

It  is  composed  of  . . . . 32  acid 

44  alumina 
24  water 

100 

j.  his  salt  has  not  been  applied  to  any  use. 
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Sp.  12.  Sulphite  of  ZirconiOf  ■ v 1 

Unknown. 

Genus  II.  Phosphites. 

These  salts  have  been  lately  examined  for  the  first 
time,  and  their  properties  described,  by  Fourcroy  and 
Vauquelin *.  They  maybe  distinguished  by  the  fol- 
lowing properties  : 

1.  When  heated,  they  emit  a phosphorescent  flame,  characters. 

2.  When  distilled  in  a strong  heat,  they  give  out  a 
little  phosphorus,  and  are  converted  into  phosphats. 

3.  Detonate  when  heated  with  nitrat  or  oxymuriat 
of  potass,  and  are  converted  into  phosphats. 

4.  Converted  into  phosphats  by  nitric  and  oxy-rnu- 

riatic  acid. 

5.  Fusible  in  a violent  heat  into  glass. 

The  phosphites  at  present  known  amount  to  eight. 

Sp.  1 . Phosphite  of  Lime. 

This  salt  may  be  formed  by  dissolving  lime  in  phos- 
phorous acid.  When  the  saturation  is  complete,  the  salt 
precipitates  in  the  state  of  a white  powder.  It  is  taste- 
less and  insoluble  in  water  *,  but  it  dissolves  in  an  ex- 
cess of  acid,  and  forms  a superphosphite.  This  last 
salt  may  be  obtained  in  prismatic  crystals  by  evapora- 
ting the  solution.  This  salt  is  not  altered  by  exposure 
to  the  air.  When  heated,  it  phosphoresces  and  emits  a 
little  phosphorus.  In  a violent  heat,  it  melts  into  a 
transparent  globule. 


* pour,  dll' Ecolt  Po’ytecbniqur,  I.  iv.  655. 
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It  is  composed  of  34  acid 
51  lime 
15  water 


100 


Sp.  2.  Phosphite  of  Barytes. 

This  salt  may  be  formed  by  pouring  phosphorous 
acid  into  barytes  water,  or  this  last  water  into  a solu- 
tion of  phosphite  of  soda.  In  either  case  phosphite  of 
. ai7tes  precipitates  in  the  form  of  a white  powder.  It 
is  tasteless,  and  but  very  sparingly  soluble  in  water,  un- 
less there  be  an  excess  of  acid.  It  is  not  altered  by  ex- 
posure to  the  air.  Before  the  blow-pipe  it  melts,  and 
is  surrounded  with  a light  so  brilliant  that  the  eye  can 
scarcely  bear  it.  The  globule  which  it  forms  becomes 
opaque  as  it  cools. 

It  is  composed  of  41.7  acid 

51.3  barytes 
7.0  water 


100.0 

Sp.  3.  Phosphite  of  StrontiaH. 

Unknown. 

Sp.  4.  Phosphite  of  Magnesia, 

This  salt  is  best  formed  by  mixing  together  aqueous 
solutions  of  phosphite  of  potass  or  soda  and  sulphat  of 
magnesia  ; the  phosphite  of  magnesia  gradually  preci- 
pitates in  beautiful  white  flakes.  It  has  no  sensible 
taste.  It  is  soluble  in  400  parts  of  water  at  the  tempe- 
rature of  6o°,  and  scarcely  more  soluble  in  boiling  wa~ 
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ter.  When  its  solution  is  evaporated  slowly,  a transpa-  chap, 
rent  pellicle  forms  on  its  surface,  flakes  are  deposited, 
and  towards  the  end  of  the  process  small  tetrahedral 
crystals  are  precipitated.  When  exposed  to  the  air,  it 
effloresces.  When  heated,  it  phosphoresces  and  melts 
into  a glass,  which  becomes  opaque  on  cooling. 

It  is  composed  of  ....  44  acid 

20  magnesia 
36  water 


100 

Sj>.  5.  Phosphite  of  Potass. 

This  salt  is  formed  by  dissolving  carbonat  of  potass 
in  phosphorous  acid,  and  evaporating  the  solution  slowly 
till  it  deposites  crystals  of  phosphite  of  potass.  It  crys- 
tallizes in  four-sided  rectangular  prisms,  terminated  by 
dihedral  summits.  Its  taste  is  sharp  and  saline.  It  is 
soluble  in  three  parts  of  cold  water,  and  still  more  so- 
luble in  boiling  water.  It  is  not  altered  by  exposure  to 
the  air.  When  heated,  it  decrepitates  and  then  melts 
into  a transparent  globule,  which  becomes  opaque  on 
cooling.  It  does  not  phosphoresce  so  evidently  as  the 
other  phosphites,  perhaps  because  it  contains  an  excess 
of  potass,  which  saturates  the  phosphoric  acid  as  it 
forms. 

It  is  composed  of  39.5  acid 
49.5  potass 
1 1 .0  water 
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This  salt  may  be  prepared  exactly  in  the  same  way 
as  phosphite  of  potass.  Its  crystals  are  irregular  four- 
sided  prisms  or  elongated  rhomboids.  Sometimes  it 
assumes  the  form  of  square  plates,  or  of  plumose  crys- 
tals. Its  taste  is  cooling  and  agreeable.  It  is  soluble 
in  two  parts  of  cold  water,  and  scarcely  mere  soluble  in 
boiling  water.  When  exposed  to  the  air  it  effloresces. 
Before  the  blow-pipe  it  emits  a beautiful  yellow  flame, 
and  melts  into  a globule,  which  becomes  opaque  on  1 
cooling. 

It  is  composed  of  . . 16.3  acid 

23.7  soda 
6c. o water 

100.0 

It  is  decomposed  by  the  following  salts  : 

1.  Sulphats  of  lime,  barytes,  strontian,  magnesia. 

2.  Nitrats  and  muriats  of  lime,  barytes,  strontian,  mag- 

nesia. 

Sp.  7 Phosphite  of  Ammonia. 

1 

This  salt  may  be  prepared  by  the  same  processes  as 
the  two  last  described  phosphites.  It  crystallizes  some- 
times in  long  transparent  needles,  and  sometimes  in 
four-sided  prisms  terminated  by  four  sided  pyramids. 

It  has  a very  sharp  saline  taste.  It  is  soluble  in  two 
parts  of  water  at  the  temperature  of  6o°,  and  still  more 
soluble  in  boiling  water.  When  exposed  to  the  air,  it 
attracts  moisture  and  becomes  slightly  deliquescent. 
When  distilled  in  a retort,  the  ammonia  is  disengaged 
partly  liquid  and  partly  in  the  state  of  gas,  holding  phos- 
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phorus  in  solution,  which  becomes  luminous  when  C^p- 
mixed  with  oxygen  gas.  Before  the  blow-pipe  on  char- 
coal, it  boils  and  loses  its  water  of  crystallization  ; it 
becomes  surrounded  with  a phosphorescent  light,  and 
bubbles  of  phosphureted  hydrogen  gas  are  emitted,  which 
burn  in  the  air  with  a lively  flame,  and  form  a fine  co- 
ronet of  phosphoric  acid  vapour.  This  gas  is  emitted 
also  when  the  salt  is  heated  in  a small  glass  bulb,  the 
tube  belonging  to  which  is  plunged  under  mercury. 

This  salt  is  composed  of  26  acid 

51  ammonia 
23  water 

100 

Sp.  8.  Phosphite  of  Ammoma-and-magnesia. 

This  salt  may  be  formed  by  mixing  together  the 
aqueous  solutions  of  its  two  component  parts.  It  is 
sparingly  soluble  in  water,  and  may  be  obtained  in  crys- 
tals ; but  its  properties  have  not  been  examined  with 
precision. 

Sp.  9.  and  IQ.  Phosphites  of  Glacina  and  Tttria. 

Unknown. 

Sp.  1 1 . Phosphite  of  Alumina. 

This  salt  may  be  prepared  by  saturating  phosphorous 
acid  with  alumina,  and  then  evaporating  the  solution 
to  a proper  consistence.  It  does  not  crystallize,  but 
forms  a glutinous  mass,  which  dries  gradually,  and  does 
not  afterwards  attract  moisture  from  the  air.  Its  taste 
is  astringent.  It  is  very  soluble  in  water.  When  heat- 
ed, it  froths  and  gives  out  phosphorus,  but  it  does  not 
readily  melt  into  a globule  of  glass. 
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Sp.  i2.  Phosphite  of  Zirconia. 

Unknown. 

w 

Genus  III.  Acetats. 

This  genus  of  salts  has  been  known  almost  since  the 
commencement  of  chemistry.  They  may  be  distinguish- 
ed by  the  following  properties  : 

1.  Decomposed  by  the  action  of  heat  } the  acid  being 
partly  driven  off,  partly  destroyed. 

2.  All  very  soluble  in  water. 

3.  When  mixed  with  sulphuric  acid  and  distilled  in  a 
moderate  heat,  acetic  acid  is  disengaged,  easily  distin- 
guishable by  its  smell. 

4.  When  they  are  dissolved  in  water,  and  exposed  to 
the  open  air,  their  acid  is  gradually  decomposed. 

I 

Sp.  1.  Acetat  of  Barytes. 

This  salt  may  be  formed  by  dissolving  Barytes  or  its 
carbonatTin  acetic  acid,  or  by  decomposing  the  sulphu- 
ret  of  barytes  by  that  acid.  By  spontaneous  evaporation 
the  acetat  crystallizes  in  fine  transparent  prismatic 
needles.  Its  specific  gravity  is  1.828  *.  It  has  an  acid 
and  somewhat  bitter  taste  j it  is  soluble  in  water,  and 
does  not  deliquesce  when  exposed  to  the  air,  but  rather 
effloresces.  It  is  decomposed  by  the  alkaline  carbonats 
and  by  almost  all  the  sulphats.  Hence  it  is  often  em- 
ployed to  detect  the  presence  of  sulphuric  acid  in  solu- 
tions. 
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Sj).  2.  Acetat  of  Pot  as  i. 


Chap.  III. 


Pliny  is  supposed, but  probably  without  any  reason, 
to  have  been  acquainted  with  this  salt,  because  he  re- 
commends a mixture  of  vinegar  and  vine  ashes  as  a cure 
for  a particular  species  of  tumor  *.  It  was  first  clearly 
described  by  Raymond  Lully.  It  has  received  a great 
number  of  names ; as,  for  instance,  arcanum  tartari , 
secret  foliated  earth  of  tartar , essential  salt  of  wine,  rege- 
nerated tartar,  diuretic  salt , digestive  salt  of  Sylvius. 

It  is  usually  formed  by  dissolving  carbonat  of  potass  in 
distilled  vinegar,  and  evaporating  the  solution  to  dry- 
ness in  a moderate  heat.  By  this  process  it  is  obtained 
in  fine  white  plates.  By  a well-managed  evaporation 
it  may  be  pocured  in  regular  prismatic  crystals.  This 
salt  has  a sharp  warm  taste.  At  the  temperature  of  Products 
6o°,  100  parts  of  it  are  soluble  in  io2.parts  of  water.  It  °£n,19tllla 
is  soluble  also  in  alcohol.  When  exposed  to  the  air,  it 
becomes  moist  *,  but  the  crystals  obtained  by  spontaneous 
evaporation  scarcely  undergo  any  subsequent  alteration 
in  the  air.  When  heated,  it  readily  melts,  and 
in  a high  temperature  its  acid  is  decomposed.  A 
liquid  passes  over  into  the  receiver,  which  contains 
a considerable  portion  of  ammonia  and  prussic  acid. 

What  remains  in  the  retort  consists  of  charcoal 
mixed  with  the  carbonats  and  prussiats  of  potass  j-. 

The  presence  of  ammonia  and  prussic  acid  in  the  pro- 
ducts of  distillation  of  this  salt,  has  led  chemists  to 
consider  azote  as  one  of  the  constituents  of  acetic  acid. 

When  distilled  along  with  white  oxide  of  arsenic,  it 
yields,  according  to  Cadet,  a white  smoke,  which  has 


* Plinii,  lib.  xxiii.  premium.  f Promt,  Ann.  it  Cbim.  xlii.  ijl. 
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an  odour  intolerably  offensive,  and  takes  fire  when  it 
coihes  into  contact  with  the  air. 

According  to  Wenzel,  240  parts  of  acetic  acid  re- 
quire for  saturation  241  ^-ths  of  potass.  And  from  the 
experiments  of  Dr  Higgins,  it  appears  that  acetat  of 
potass  is  composed  of  . . . 38.5  acid  and  water 

61.5  potass 


1 00  * 

It  is  decomposed  by  the  greater  number  of  metallic 
salts. 


» $p.  3.  Acetat  of  Soda. 

This  salt,  which  seems  to  have  been  first  examined 
by  Baron,  was  formerly  known  by  the  absurd  name  of 
crystallised  foliated  earth.  It  is  usually  prepared  by 
saturating  acetic  acid  with  carbonat  of  soda,  and  evapo- 
rating the  solution  till  a thin  pellicle  appears  on  its  sur- 
face. When  the  solution  is  allowed  to  cool,  the  acetat 
of  soda  crystallizes  in  striated  prisms,  not  unlike  those 
of  sulphat  of  soda.  It  has  a sharp  taste,  approaching  to 
bitter.  It  is  soluble  in  2.86  parts  of  water  at  the  tem- 
perature of  60°  f.  Its  specific  gravity  is  2.1  J.  It  is 
not  affected  by  exposure  to  the  air.  When  heated,  it 
first  loses  its  water  of  crystallization  ; in  a strong  heat 
it  melts ; and  in  a still  stronger  its  acid  is  destroyed. 
This  salt  can  only  be  obtained  in  crystals  when  there  is 
an  excess  of  alkali  in  the  solution. 

According  to  Wenzel,  4 40  parts  of  acetic  acid  require 
for  saturation  175^  of  soda. 


* On  Acttout  Acid,  p.  8.  f Bergnum,  v.  78, 

{ ijjsicttfratz,  Ann.  dt  Ckint.  jBtviii.  14. 
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Sp . 4.  Acetat  of  Strontiatl.  Chap.  III. 

This  salt,  which  was  first  examined  by  Dr  Hope, 
and  afterwards  by  Vauquelid,  is  easily  formed  by  dis- 
solving strontian  or  its  carb'onat  in  acetic  acid.  By  e- 
vaporation  it  is  obtained  in  small  crystals,  which  are 
not  affected  by  exposure  to  the  atmosphefe.  49  parts 
of  it  are  soluble  in  120  parts  of  boiling  water  : it  seems 
to  be  nearly  as  soluble  in  cold  water.  It  renders  vege- 
table colours'  green  *.  Its  taste  is  not  unpleasant. 

"When  heated,  its  acid  is  decomposed,  as  happens  to  all 
the  other  acetats. 

Sp.  5.  Acetat  of  Lime. 

This  salt  was  first  described  accurately  by  Crollius. 

The  ancients,  however,  used  a mixture  of  lime  and  vi- 
negar in  sufgery  f.  It  is  easily  formed  by  dissolving 
chalk  in  acetic  acid.  When  the  solution  is  evaporated 
till  a pellicle  forms  on  its  surface,  it  yields,  on  cooling, 
the  acetat  of  lime  in  fine  prismatic  needles  of  a glossy 
appearance  like  satin.  Its  specific  gravity  is  1.005  J. 

Its  taste  is  bitter  and  sour,  because  it  has  an  excess  of 
acid.  It  is  soluble  in  water.  It  is  not  altered  by  expo- 
sure to  the  air  ; at  least  Morveau  kept  some  of  it  for  a 
whole  year  merely  covered  with  paper,  and  even  quite 
uncovered  for  a month,  without  its  undergoing  any  altefV 
ation  §.  Heat  decomposes  it  by  disengaging  and  at  the 
same  time  partly  decomposing  its  acid.  According  to 
Wenzel,  240  parts  of  acetic  acid  require  for  saturation 


♦ Hope,  Trans.  Edin.  iv.  14.  f Plinii , lib.  xrxvi.  c.  24, 

} Hassenfratz,  /Inn.  dc  Cbim.  xxviii.  12. 

5 Morveau,  Encyst.  Method  i.  9. 
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125  of  lime  ; according  to  Maret,  100  parts  of  acetaf 
of  lime  contain  50  of  lime  *.  From  the  experiments  of 
Dr  Higgins,  it  follows,  that  acetat  of  lime  is  composed 
of  35.7  parts  of  lime  and  64.3  of  acetic  acid  and 
water  f. 

Sp.  6.  Acetat  of  Ammonia . 

This  salt  was  formerly  called  spirit  of  Minder  eras . 
It  may  be  prepared  by  the  same  process  as  the  other  a- 
cetats.  It  is  too  volatile  to  be  easily  crystallized  : It  may, 
however,  by  gentle  evaporation,  be  made  to  deposite 
needle-shaped  crystals.  Mr  de  Lassone  crystallized  it 
by  sublimation  $.  When  the  sublimation  is  slow,  it 
forms  long,  slender,  flatted  crystals,  terminating  in  sharp 
points,  of  a pearl-white  colour,  and  about  an  inch  and 
eight-tenths  in  length  §.  It  impresses  the  tongue  at 
first  with  a sense  of  coldness,  and  then  of  sweetness, 
which  is  followed  by  a taste  resembling  that  of  a mix- 
ture of  sugar  and  nitre,  in  which  the  sweet  does  not  pre- 
dominate over  the  mawkish  taste  of  the  nitre  ||.  It  is 
very  deliquescent.  It  melts  at  170°,  and  sublimes  at  a- 
bout  250  When  a watery  solution  of  this  salt  is  dis- 
tilled, there  comes  over  first  a quantity  of  ammonia,  next 
a quantity  of  acetic  acid,  and  at  last  of  the  neutral  salt 
itself.  No  such  decomposition  takes  place  when  the 
crystals  are  distilled  by  a moderate  heat * * §  **.  Ac- 
cording to  Wenzel,  240  parts  of  acetic  acid  require 


^ Morveau,  Encycl.  Method,  i.  9.  f On  Acetous  Acid , p.  47. 

$ Mem.  Par,  i.  775. 

§ Higgins  On  Acetous  Acid,  p.  188. 

U Higgins,  Ibid, 
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H Higgins,  Ibid.  p.  19a, 
**  Ibid. 
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for  saturation  244  of  ammonia.  This  salt  is  often  used  Chap. 

< * **•-— y- 

in  medicine  as  a sudorific. 

Sp.  7.  Acetat  of  Magnesia. 

This  salt  may  be  formed  by  dissolving  magnesia  or 
its  carbonat  in  acetic  acid.  It  is  not  crystallizable ; 
but  forms  by  evaporation  a viscid  mass  *.  It  has  a sweet- 
ish taste  ; leaving,  however,  a sense  of  bitterness  f . 

Its  specific  gravity  is  1.378  J.  It  is  very  soluble  both  in 
water  and  alcohol  ||.  When  exposed  to  the  air,  it  deli- 
quesces. Heat  decomposes  it.  According  to  Wenzel, 

240  parts  of  acetic  acid  require  for  saturation  i^^ths 
®f  magnesia. 

Sp.  8.  Acetat  of  Glucina , 

Acetic  acid  readily  dissolves  glqcina  ; but  the  solu- 
tion, as  Vauquelin  informs  us,  does  not  crystallize,  but 
is  converted  by  evaporation  into  a gummy  mass,  which 
becomes  slowly  dry  and  brittle.  Its  taste  is  sweet  and 
astringent, 

Sp.  9.  Acetat  of  Yttria. 

. Yttria  dissolves  readily  in  acetic  acid,  and  the  so- 
lution yields  by  evaporation  crystals  of  acetat  of  yttria. 
These  crystals  have  most  commonly  the  form  of  thick 
six-sided  plates  obliquely  truncated.  Their  colour  is  a- 
rnethyst  red.  They  are  not  altered  by  exposure  to  the 
ajr  «[. 


* Bergman,  i.  388.  f Moivcau,  Entyil.  Method,  i.  9. 

$ Hassentratz,  Ann.  de  Chim.  xxviii.  12.  |j  Bergman,  i.  388. 

**  Eckeberg,  Cecil's  Annals,  1799,  ii.  69.  and  Klaproth’s  Btitrage, 
iii.  70. 
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Sp.  10.  Acetat  of  Alumina. 

This  salt  can  only  be  formed  by  digesting  acetic  acid 
on  alumina  recently  precipitated.  By  evaporation  needle- 
shaped  crystals  are  obtained,  which  are  very  delique- 
scent. According  to  Wenzel,  240  parts  of  acetic  acid 
require  204th®  of  alumina  for  saturation.  This  salt  has 
an  astringent  taste.  Its  specific  gravity  is  1.245  * * * §• 

Sp.  11.  Acetat  of  Zirco?na. 

This  salt  m$ty  be  formed  by  pouring  3cetic  acid  on 
newly  precipitated  zirconia.  It  has  an  astringent  taste. 
It  does  not  crystallize  ; but  when  evaporated  to  dryness, 
it  forms  a powder,  which  does  not  attract  moisture  from 
the  air  as  acetat  of  alumina  does  f.  It  is  very  soluble 
in  water  and  in  alcohol.  It  is  not  so  easily  decomposed 
by  heat  as  nitrat  of  zirconia,  probably  because  it  does 
not  adhere  so  strongly  to  water  :f. 

Genus  IV.  Benzoats. 

Though  these  salt®  have  been  long  known,  their 
properties  hitherto  have  been  but  superficially  examined. 
Lichtenstein  # and  TromsdorfF||  are  the  only  chemists 
who  have  attempted  any  thing  like  a detailed  descrip- 
tion of  them.  To  them  we  are  chiefly  indebted  for  the 
following  facts. 


* Haesenfratz,  Ant.  de  Chun,  xxviii.  12. 

1 filaproth,  Jour,  de  Pbyi.  xxxvi.  1 88. 

1 Vauquelin,  Ann.  de  Cbim.  xxii.  206. 

§ Crell’s  Neu.  Entdecl.  1782,  iv.  9, 

)f  Crclls  Annals , 1 790,  ii.  303. 
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Sp.  l.  Benzoat  of  Barytes.  ,chaP 

This  salt  crystallizes,  is  soluble  in  water,  not  altered 
by  exposure  to  the  air,  but  decomposed  by  heat  and  by 

the  stronger  acids. 

Sp.  2.  Benzoat  of  Lime. 

This  salt  forms  white,  shining,  pointed  crystals,  of  a 
sweetish  taste,  much  more  soluble  in  hot  than  in  cold 
water.  It  exists  in  abundance  in  the  urine  of  cows  *. 

Sp.  3.  Benzoat  of  Potass. 

This  salt  forms  pointed  feathery  crystals.  t has  a 
6aline  sharp  taste.  It  is  very  soluble  in  water.  It  de- 
liquesces when  exposed  to  the  air. 

Sp.  4.  Benzoat  of  Soda . 

The  crystals  of  this  salt  are  larger,  but  its  taste  is 
the  same  with  that  of  benzoat  of  potass.  It  is  also  very 
soluble  in  water.  It  effloresces  in  the  air. 

Sp.  5.  Benzoat  of  Ajnmonia. 

This  salt  crystallizes  with  difficulty.  Its  crystals  are 
feather-shaped.  It  deliquesces.  It  is  very  soluble  in 
water. 

Sp.  6.  Benzoat  of  Magnesia. 

This  salt  forms  feather-shaped  crystals  of  a sharp 
bitter  taste,  and  easily  soluble  in  water. 


* Fourcroy  and  VauquelijI. 
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This  salt  forms  dendritical  crystals.  It  has  a sharp 
bitter  taste,  is  soluble  in  water,  and  deliquesces  when 
exposed  to  the  air. 

The  other  benzoats  are  entirely  unknown. 

GenUsV.  SuCCINATS. 

This  genus  of  salts  is  as  imperfectly  known  as  the 
preceding.  For  the  few  experiments  that  have  been 
made,  we  are  indebted  to  Stockar,  Wenzel  * * * §,  Leonhar- 
di  f,  and  Bergman  J.  But  Mr  Gehlen  has  announced 
his  intention  of  publishing  a very  full  description  of 
these  salts  from  his  own  experiments  $ 

c . 

Sp.  Sucanat  of  Barytes. 

' This  salt,  according  to  Bergman,  is  difficultly  solu- 
ble in  water. 

Sp.  2.  Succinat  of  Lime. 

This  salt  forms  oblong,  pointed,  non-deliquescent 
salts,  which  are  difficultly  soluble  even  in  boiling  water. 

It  is  not  altered  by  exposure  to  the  air.  It  is  decompo- 
sed by  muriat  of  ammonia,  and  by  the  fixed  alkaline 
carbonats. 


* Wenzel  s V tfwandicbaft  der  Korpcr,  1777. 

■f  De  Salibus  Succinatis , 1 ~j 

t On  Elective  Attractions , Opusc.  iij.  391. 

§ The  alkaline  succinats  have  been  introduced  by  this  chemist  with 
great  advantage  to  precipitate  iron  from  its  solution  in  acids,  which  it 
ore  completely  and  in  greater  purity  than  any  other  known  sub- 
Ctaijcc.  See  Klaproth’s  JBeitrage,  iii,  63. 
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Sp.  3.  Succinat  of  Potass.  tc^aP 

This  salt,  according  to  Leonhardi  and  Stockar,  cry- 
stallizes in  three-sided  prisms.  It  has  a bitter  saline 
taste,  is  very  soluble  in  water,  and  deliquesces  when 
exposed  to  the  air.  When  exposed  to  heat,  it  decrepi- 
tates and  melts  *,  and  in  a strong  heat  is  decomposed. 

Sp.  4.  Succinat  of  Soda. 

When  pure  succinic  acid  is  saturated  with  soda,  the  so- 
lution by  spontaneous  evaporation  yields  beautiful  trans- 
parent crystals  of  succinat  of  soda  ; some  of  which  are 
four-sided  prisms  with  dihedral  summits ; others  six- 
sided  prisms,  terminated  by  an  oblique  face  *.  This 
salt  has  a bitter  taste,  is  less  soluble  in  water  than  com- 
mon salt,  and  does  not  deliquesce  when  exposed  to  the 
air. 

This  salt  is  decomposed  completely  when  exposed  to 
q sufficient  heat  in  close  vessels. 

Sp.  5.  Succinat  of  Ammonia. 

This  salt  forms  needle-shaped  crystals.  It  fyas  a 
sharp,  bitter,  and  cooling  taste  ; when  exposed  to  heat, 
it  sublimes  without  decomposition. 

Sp.  6.  Succinat  of  Magnesia. 

This  salt  has  the  form  of  a white,  glutinous,  frothy 
piass,  which  when  dried  by  the  fire  attracts  moisture 
from  the  air,  and  deliquesces. 


* Morveau,  Ann.  de  Cbim  xxix.  1 66. 
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n.  Sp.  J.  Succinat  of  Glucina. 

Eckeberg  has  announced,  that  glucina  is  precipitated 
from  its  solution  in  acids  by  the  succinats.  The  sue, 
c;nat  of  glucina  is  of  course  insoluble  or  nearly  so  *. 

Sp,  8,  Succinat  of  Tttria. 

Yttria  is  not  precipitated  from  its  solution  in  acids 
by  the  succinats,  according  to  Eckeberg-}\  This  however 
ijiust  be  understood  with  some  limitation  ; for  as  the 
succinat  of  yttria  is  but  sparingly  soluble  in  water,  it  pre- 
cipitates in  crystals,  if  a concentrated  solution  of  an  al- 
kaline succinat  be  mixed  with  a saturated  solution  of 
yttria  in  an  acid.  Thus,  when  the  succinat  of  soda  is 
dropt  into  concentrated  muriat  or  acetat  of  yttria,  small 
cubic  crystals  fall,  which  are  succinat  of  yttfia  :f. 

Sp.  C),  Succinat  of  Alumina. 

I his  salt,  according  to  Wenzel,  crystallizes  in  prisms, 
and  is  easily  decomposed  by  heat  \. 


Genus  VI.  Q.amphorats. 


I 


Characters. 


Ihese  6alts  have  been  examined  by  Bouillon  La- 
grange with  much  care.  They  possess  the  following 
properties  : 

1.  A taste  which  is  usually  bitterish. 

2.  Decomposed  by  heat:  the  acid  sublimes,  and  the 
base  remains  in  a state  of  purity. 

3.  Before  the  blow-pipe  they  burn  with  a blue  flame. 


* /Inn.  de  Chim.  xliii.  277. 

| Klaproth’s  Beit) age,  ill.  76. 


flbuj. 

§ Ycnvandt,  p.  243. 
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Sp.  i . Camphor  at  of  Lime. 

This  salt  an  ay  be  prepared  by  dropping  into  lime- 
water  crystallized  camphoric  acid.  The  mixture  is  then 
to  be  made  boiling  hot,  passed  through  a filter,  and  eva- 
porated to  about  -|ths  of  its  volume.  On  cooling  cam- 
phorat  of  lime  is  deposited.  It  has  no  regular  shape  j 
but  if  the  evaporation  has  been  properly  conducted,  it  is 
in  plates  lying  one  above  another.  It  is  of  a white  co* 
lour,  and  has  a taste  slightly  bitter. 

Water  at  the  temperature  of  6o°  dissolves  very  little 
of  this  salt ; boiling  water  is  capable  of  dissolving  about 
T.L_th  part  of  its  weight  of  it.  It  is  insoluble  in  alco- 
hol. When  exposed  to  the  air,  it  dries  and  falls  into 
powder.  When  exposed  to  a moderate  heat,  it  melts 
and  swells  up  •,  when  placed  on  burning  coals,  or  when 
heated  in  close  vessels,  the  acid  is  decomposed  and  vo- 
latilized, and  the  lime  remains  pure.  When  sulphuric 
acid  is  poured  into  a solution  of  this  salt,  it  produces  an 
insoluble  precipitate.  Nitric  and  muriatic  acids  precipi- 
tate the  camphoric  acid. 

It  is  composed  of  50  acid 
43  lime 
7 water 

roo 

It  is  decomposed  by  the  following  salts : 

X.  Carbonat  of  potass. 

2.  Nitrat  of  barytes. 

3.  Muriat  and  sulphat  of  alumina. 

4.  Phosphat  of  soda  *. 


4 IS 

Chap.  III. 
* 


* /Inn.  de  Chim.  xxvii.  21. 
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$p‘  2.  Camphorat  of  Potass. 

Jo  prepare  this  salt  carbonat  of  potass  is  to  be  dissol. 
ved,  water,  and  the  solution  saturated  with  camphoric 
jtctd.  When  the  effervescence  is  over,  the  liquor  is  to 
be  evaporated  by  a gentle  heat  to  the  proper  consistence, 
and  crystals  of  camphorat  of  potass  will  be  deposited 
when  the  hquor  cools.  Camphorat  of  potass  is  white 
•nd  transparent ; tts  crystals  are  regular  hexagons.  Its 
taste  .s  bitterish  and  slightly  aromatic. 

Water  at  the  temperature  of  6o»  dissolves  rl-  part 
of  its  weight  of  this  salt;  boiling  water  dissolve,  fth 
part  of  its  weight.  It  i,  soluble  in  alcohol,  and  the 
solution  burns  with  a deep  blue  flame.  When  expo, 
sed  to  a motet  air,  it  loses  a little  of  its  transparency, 
but  in  dry  air  it  suffers  no  change.  When  exposed  to 
heat  it  melts,  swells,  and  the  acid  is  volatilized  in  a thick 
smoke,  which  has  an  aromatic  odour.  Before  the  blow- 
pipe it  burns  with  a blue  flame,  and  the  potass  remains 
’-behind  in  a state  of  purity. 

It  is  decomposed  by  the  following  salts  : 

1.  Nitrats  of  barytes,  silver. 

2.  All  the  salts  whose  base  is  lime. 

3.  Sulphat  of  iron. 

4.  Muriats  of  tin,  lead  *. 


3*  Cayiphqrat  of  Soda , 

This  salt  may  be  formed  precisely  in  the  same  man- 
ner as  the  camphorat  of  potass.  It  is  white  and  transpa- 
rent ; its  taste  is  somewhat  bitter  ; its  crystals  are  irre- 


* Bouillon  Lagrange,  Ann.  dc  Chim.  p.  34. 
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gular.  Water  at  the  temperature  of  6o°  dissolves  less 
than  , * oth  part  of  its  weight  of  this  salt *,  boiling  water 
dissolves  ^-th  of  its  weight.  It  is  also  soluble  in  alcohol. 

"When  exposed  to  the  air  it  loses  it3  transparency,  and 
effloresces  slightly,  but  is  never  completely  reduced  td 
powder.  Heat  produces  the  same  effect  upon  it  as  on 
camphorat  of  potass : the  acid  burns  with  a blue  flame, 
which  becomes  reddish  towards  the  end.  It  is  decom- 
posed by  the  following  salts  : 

1 . Nitrats  of  lime,  silver. 

2.  Muriats  of  magnesia,  barytes,  alumina,  lime,  iron. 

3.  Sulphats  of  alumina,  iron  ; and  many  other  salts  with 

metallic  bases  *. 

Sp.  4.  Camphorat  of  Barytes. 

In  order  to  prepare  this  salt,  barytes  is  to  be  dissol- 
ved in  water,  and  camphoric  acid  added  to  the  solution; 
the  mixture  is  then  to  be  boiled,  and  afterwards  filtered 
and  evaporated  to  dryness.  Camphorat  of  barytes  does 
not  crystallize  ; when  the  evaporation  is  conducted 
slowly,  the  salt  is  deposited  in  thin  plates  one  above  an- 
other, which  appear  transparent  while  immersed  in  the 
liquor,  but  become  opaque  whenever  they  come  into 
contact  with  the  air.  It  has  very  little  taste,  though  it 
leaves  at  last  upon  the  tongue  a slight  impression  of 
acidity  mixed  with  bitterness.  Water  dissolves  only  a 
very  small  quantity  of  this  salt : boiling  water  being 
capable  of  taking  up  only  -5^0^  Part  °f  it*  it  is  not 
altered  by  exposure  to  the  air.  When  exposed  to  heat, 


Chap.  TIT. 


* Ann.  dt  Clim.  xxvii.  36. 


47 


SALTS. 


Book  II. 
Division  II. 


it  melts  easily,  and  the  acid  is  volatilized.  When  the 
heat  is  considerable,  the  acid  burns  with  a lively  blue 
flame,  which  becomes  red  and  at  last  whitfe. 

It  is  decomposed  by 

!•  Nitrats  of  potass,  soda,  lime,  ammonia,  and  magne- 
sia. 

2.  Muriats  of  lime,  potass,  alumina,  and  magnesia^ 

3.  All  the  sulphats. 

4.  Carbonats  of  potass  and  sdda. 

5.  Phosphats  of  potass,  soda,  and  ammonia*. 


Sp-  5‘  Camphor  at  of  Ammonia. 

This  salt  may  be  prepared  by  dissolving  carbonat  of 
ammonia  in  hot  water,  and  adding  camphoric  acid  slow- 
ly till  the  alkali  is  saturated.  It  must  then  be  evapo- 
rated with  a very  moderate  heat,  to  prevent  the  disen- 
gagement of  the  ammonia.  It  is  very  difficult  to  obtain 
this  salt  in  regular  crystals.  When  evaporated  to  dry- 
ness, there  is  left  a solid  opaque  mass  of  a sharp  and 
bitterish  taste.  Water  at  the  temperature  of  about 
6o°  dissolves  nearly  -r-t-o'-h  Part  of  its  weight  of  this 
salt ; boiling  water  dissolves  |d  of  its  weight : But  all 
the  alkaline  camphorats  are  much  more  soluble  whdn 
there  is  excess  of  base.  It  is  completely  soluble  in  al- 
cohol. 

When  exposed  to  the  air  it  attracts  moisture,  but  not 
in  sufficient  quantity  to  enable  it  to  assume  a liquid 
form.  When  exposed  to  heat  it  swells,  melts,  and  is 
converted  into  vapour.  Before  the  blow-pipe  it  burns 
with  a blue  and  red  flame,  and  is  entirely  volatilized. 


* Ann.  de  Cbim.  XXVii.  38. 
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Most  of  the  calcareous  salts  form  triple  salts  with  cam- 
phorat  of  ammonia.  It  decomposes  in  part  all  the  alu- 
minous salts  except  the  sulphat  of  alumina  . 

Sp.  6.  Carnphorat  of  Magnesia. 

This  salt  may  be  prepared  by  mixing  water  with, 
carbonat  of  magnesia,  and  adding  crystallized  campho- 
ric acid  : heat  is  then  applied,  the  solution  is  filtrated-, 
and  evaporated  to  dryness.  The  salt  obtained  is  dissol- 
ved in  hot  water,  passed  through  a filter,  and  evapora- 
ted by  means  of  a moderate  heat  till  a pellicle  forms  on 
the  surface  of  the  solution.  On  cooling  the  salt  is  de- 
posited in  thin  plates.  The  second  solution  is  intended 
to  remove  any  excess  of  magnesia  that  may  happen  to 
be  present. 

This  salt  does  not  crystallise.  It  is  white,  opaque, 
and  has  a bitter  taste.  It  is  scarcely  more  soluble  in 
water  than  carnphorat  of  lime.  Alcohol  has  no  action 
on  it  while  cold,  but  when  hot  it  dissolves  the  acid  and 
leaves  the  magnesia  ; and  the  acid  precipitates  again  as 
the  alcohol  cools.  When  exposed  to  the  air  it  dries, 
and  becomes  covered  with  a little  powder  j but  this  ef- 
fect is  produced  slowly,  and  only  in  a warm  place. 
When  this  salt  is  placed  on  burning  coals,  the  acid  is 
volatilized,  and  the  magnesia  remains  pure.  Before  the 
blow-pipe  it  burns,  like  the  other  camphorats,  with  a 
blue  flame.  The  nitrats,  muriats,  and  sulphats,  do  not 
completely  decompose  this  salt,  if  we  except  the  nitrat 
of  lime  and  muriat  of  alumina  f. 


Chap.  Ill- 


♦ Ann.  lie  C.lim , *xvii.  3 1. 


f Ibid.  p.  at. 
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To  prepare  this  salt,  alumina,  precipitated  by  means 
of  ammonia,  and  well  washed,  is  to  be  mixed  with  wa- 
ter, and  crystals  of  camphoric  acid  added.  The  mixture 
is  then  to  be  heated,  filtered,  and  concentrated  by  eva- 
poration. This  salt  is  a white  powder,  of  an  acid  bit- 
terish taste,  leaving  on  the  tongue,  like  most  of  the  alu- 
minous salts,  a sensation  of  astringency.  Water  at  the 
temperature  of  60 0 dissolves  about  T^th  part  of  its 
weight  of  this  salt.  Boiling  water  dissolves  it  in  con- 
siderable quantities ; but  it  precipitates  again  as  the  so- 
lution cools,  Alcohol,  while  cold,  dissolves  it  very 
sparingly ; but  when  hot  it  dissolves  a considerable 
quantity  of  it,  which  precipitates  also  as  the  solution 
cools.  This  salt  undergoes  very  little  alteration  in  the 
air  ; but  it  rather  parts  with  than  attracts  moisture. 
Heat  volatilizes  the  acid ; and  when  the  salt  is  thrown 
on  burning  coals,  it  burns  with  a blue  flame. 

It  is  decomposed  by  the  nitrats  of  lime  and  barytes*. 


Genus  VII,  Oxalats. 

1 

This  genus  of  salts  was  first  made  known  by  Berg- 
man, who  described  the  greater  number  of  them  in  his 
dissertation  on  oxalic  acid,  published  in  1776-j-.  These 
salts  may  be  distinguished  by  the  following  properties  : 
1.  When  exposed  to  a red  heat,  their  acid  is  decom- 
posed and  driven  off,  and  the  base  only  remains  be- 
hind. 


• Ann.  dc  Clim.  xxvii.  34. 


f Opmc.  i.  260. 
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2.  Lime  water  precipitates  a white  powder  from  their 
solutions,  provided  no  excess  of  acid  be  present.  This 
powder  is  soluble  in  acetic  acid,  after  being  exposed 

to  a red. heat. 

\ 

3.  The  earthy  oxalats  are  in  general  nearly  insoluble 
in  water  : the  alkaline  oxalats  are  capable  of  combining 
with  an  excess  of  acid,  and  forming  superoxalats  much 
less  soluble  than  the  oxalats. 

4.  The  insoluble  oxalats  are  rendered  easily  soluble 
by  an  excess  of  the  more  powerful  acids. 


Chap.  III. 


Sp-  1.  Oxalat  of  Lime. 


Oxalic  acid  does  not  readily  dissolve  lime,  on  ac- 
count of  the  insolubility  of  the  oxalat  of  that  base;  but 
the  salt  may  be  readily  formed  by  dropping  oxalic  acid 
into  any  of  the  acid  solutions  of  lime.  The  oxalat  of 
lime  immediately  precipitates  in  the  state  of  a white  in- 
sipid powder,  insoluble  in  water,  and  communicating  a 
green  colour  to  the  syrup  of  violets. 

According  to  Bergman’s  analysis;  it  is  composed  of 
48  acid 
46  lime 
6 water 


ioo* 

No  acid  decomposes  this  salt  completely  except  by 
destroying  the  oxalic  acid,  nor  any  alkaline  or  earthy 
body  ; but  the  acid  may  be  easily  decomposed  and  dri- 
ven off  by  the  action  of  heat.  Oxalat  of  lime  is  not 


Vol.  II. 


* Bergman,  i.  262. 
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rendered  soluble  bj  adding  an  excess  of  acid.  Hence 
it  is  probable  that  no  superoxalat  of  lime  exists. 


Sp.  2.  Oxalat  of  Barytes. 

When  oxalic  acid  is  dropt  into  barytes  water,  a 
white  powder  precipitates,  which  is  oxalat  of  barytes. 
It  is  insipid  and  insoluble  in  water.  If  an  excess  of 
acid  be  added,  the  powder  is  again  dissolved,  and  small 
needleform  crystals  are  deposited  on  the  sides  of  the 
vessels.  These  are  superoxalat  of  barytes.  The  same 
crystals  make  their  appearance  when  oxalic  acid  is  dropt 
into  concentrated  muriat  or  nitrat  of  barytes  ; but  if 
these  solutions  are  largely  diluted  with  water,  no  pre- 
cipitate appears.  When  the  superoxalat  of  barytes  is 
boiled  in  water,  the  excess  of  acid  is  removed,  and  the 
salt  falls  down  in  the  state  of  a white  powder*. 

Sp.  3.  Oxalat  of  Strontian. 

This  salt,  first  examined  by  Dr  Hope  and  afterwards 
by  Vauquelin,  may  be  readily  formed  by  mixing  toge- 
ther a solution  of  oxalat  of  potass  and  nitrat  of  stron- 
tian. The  oxalat  of  strontian  immediately  precipitates. 
It  is  a white  insipid  powder;  soluble  in  1920  parts  of 
boiling  water.  Heat  decomposes  it  by  destroying  the 
acidf.  According  to  the  calculation  of  Mr  Vauquelin, 
it  is  composed  of  40.5  acid 

59.5  strontian 

ioo  of 


* Bergman,  i.  263.  See  also  Fourcroy  and  Vauquelin,  Mem.  de  1' In - 
etit.  ii.  60.  and  Darracq,  /inn.  ds  Cbim.  xl.  69. 

f Hope,  Edin.  'Trans,  iv.  14.  f Jour,  dc  Min.  An.  vi.  p.  14 


OXALATS. 


483 

Chap.  III. 


Sp.  4.  Oxalat  of  Magnesia. 


This  salt  may  be  obtained  by  saturating  oxalic  acid 
with  magnesia,  and  evaporating  the  solution.  It  is  in 
the  form  of  a white  powder.  It  is  scarcely  soluble  ei- 
ther in  water  or  alcohol.  Heat  decomposes  it.  It  is 
composed  of  65  acid  and  -water 
35  magnesia 


100  * 

Sp  5.  Oxalat  of  Potass. 

This  salt  is  easily  formed  by  disolving  potass  in  ox- 
alic acid  » but  the  solution  does  not  readily  crystallize 
unless  there  be  a slight  excess  either  of  the  acid  or  the 
base.  A solution,  composed  of  two  parts  of  carbonat 
of  potass,  dissolved  in  one  part  of  acid,  yields  six-sided 
prisms,  not  unlike  the  crystals  of  oxalic  acid.  These 
crystals  fall  to  powder  when  heated.  They  give  a green 
tinge  to  litmus  paper,  but  they  redden  tincture  of  lit- 
mus and  syrup  of  violets  f. 


Sp.  6.  Superoxalat  of  Potass. 

This  salt  exists  ready  formed  in  oxa/is  acetosella  or 
wood-sorrel,  and  in  the  rumex  acetosa ; from  which  it 
is  extracted  in  some  Iparts  of  Europe  in  great  quanti- 
ties. Hence  it  is  known  by  the  name  of  salt  of  wood  sor- 
rel, and  in  this  country  is  sold  under  the  name  of  essen- 
tial salt  of  lemons.  It  is  mentioned  by  Duclos  in  the 
Memoirs  of  the  French  Academy  for  1668.  MargrafF 


* Bergman,  i.  26%.  and  387. 
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first  proved  that  it  contained  potass  ; and  Scheele  disco- 
vered its  acid  to  be  the  oxalic.  A great  many  interest- 
ing experiments  had  been  previously  made  on  it  by 
Wenzel  and  Wiegleb. 

It  may  be  formed,  as  Scheele  has  shown,  by  drop- 
ping potass  very  gradually  into  a saturated  solution  of 
oxalic  acid  in  water  : as  soon  as  the  proper  quantity  of 
alkali  is  added,  the  superoxalat  is  precipitated.  But  care 
must  be  taken  not  to  add  too  much  alkali,  otherwise  no 
precipitation  will  take  place  at  all  *.  Its  crystals  are 
small  opaque  parallelopipeds  f.  It  has  an  acid,  pun- 
gent, bitterish  taste.  It  is  soluble  in  about  ten  times 
its  weight  of  boiling  water,  but  much  less  soluble  in 
cold  water.  It  is  not  altered  by  exposure  to  the  air. 
Heat  decomposes  it.  This  salt  is  capable  of  combining 
with  most  of  the  alkalies  and  earths,  and  of  forming 
with  them  triple  salts,  which  have  not  been  accurately 
examined. 

Sp.  7.  Oxolat  of  Soda. 

When  two  parts  of  crystallized  carbonat  of  soda  are 
dissolved  in  one  part  of  oxalic  acid,  the  oxalat  of  soda 
partly  precipitates,  because  it  is  but  sparingly  soluble 
m water.  The  remaining  solution  yields  by  evapora- 
tion crystalline  grains,  which  give  a green  tinge  to  sy- 
rup of  violets,  and  are  perfectly  soluble  in  hot  water  J. 
This  salt  is  also  capable  of  combining  with  an  excess  of 
acid,  and  forming  a superoxalat  sparingly  soluble  in  wa- 
ter ; but  the  properties  of  this  triple  salt  have  not  been 
much  examined. 


* Crell’s  Annals,  i.  107.  Eng.  Transl.  f Rome  de  Lisle. 

1 Bergman,  i.  261. 
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Chap.  111. 

5^.8.  Oxalat  of  Ammonia.  1 v—j 

When  oxalic  acid  is  saturated  with  ammonia,  the  so- 
lution yields  by  evaporation  oxalat  of  ammonia  crystal- 
lized in  four- sided  prisms,  terminated  by  dihedral  sum- 
mits. They  are  soluble  in  water,  but  insoluble  in  al- 
cohol. When  distilled,  carbonat  of  ammonia  is  disen- 
gaged, a little  of  the  salt  is  sublimed,  and  a residuum  of 
charcoal  remains  behind.  This  salt  is  much  used  as  a 
reactive  to  detect  the  presence  of  lime  *.  It  is  capable 
of  combining  with  an  excess  of  acid,  and  forming  a su- 
peroxalat. 

Sp.  9.  Oxalat  of  Yttria. 

When  oxalic  acid,  or  the  oxalat  of  ammonia,  is  dropt 
into  a solution  of  yttria  in  acids,  a white  insoluble  pow- 
der precipitates,  which  is  the  oxalat  of  yttria f. 

/ 

Sp.  10.  Oxalat  of  Alumina. 

Oxalic  acid  readily  dissolves  alumina,  and  forms  a 
salt  which  is  uncrystallizable  ; but  furnishes  on  evapo- 
ration a yellowish  pellucid  mass.  It  is  sparingly  so- 
luble in  alcohol.  It  has  a sweet  astringent  taste.  It  is 
composed  of  ....  44  alumina 

56  acid  and  water 

100 

When  exposed  to  the  air  it  deliquesces ; and  if  it  has 
been  previously  well  dried,  its  weight  is  increased  by 
•^-ds.  It  reddens  turnsole:}:. 


* Bergman,  i.  261.  f Klaproth’s  3e\lragex  iij.  75. 

J Bergman,  ii.  387. 
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The  oxalats  of  glucina  and  zirconia  are  still  tjji. 
known. 


Genus  VIII.  Mellats. 


Mellat  of 
Jiotass, 


soda. 


ammonia, 


This  genus  of  salts  is  but  imperfectly  known,  in 
consequence  of  the  scarcity  of  mellitic  acid.  Hitherto 
they  have  been  examined  only  by  Klaproth  and  Vau- 
quelin,  and  even  by  them  too  slightly  to  admit  a de- 
scription of  their  properties.  The  following  are  all  the 
facts  hitherto  ascertained. 

1.  When  mellitic  acid  is  neutralized  by  potass,  the 
solution  crystallizes  in  long  prisms  *.  The  acid  ap- 
pears capable  of  combining  with  this  salt,  and  forming 
a supermellat  of  potass  : For  when  the  nelhte  (or  na- 
tive mellat  of  alumina)  is  decomposed  by  carbonat  of 
potass,  and  the  alkaline  solutions  mixed  with  nitric 
acid,  crystals  are  obtained  consisting  of  mellitic  acid 
combined  with  a small  portion  of  potass f. 

2.  When  mellitic  acid  is  neutralized  by  soda,  the  so- 
lution crystallizes  in  cubes  or  three-sided  tables;  some- 
times insulated,  sometimes  in  groups  J. 

3.  When  mellitic  acid  is  saturated  by  ammonia,  the 
solution  yields  fine  transparent  six-sided  crystals,  which 
become  op«que  when  exposed  to  the  air,  and  assume 
the  white  colour  of  silver  $. 

4.  When  mellitic  acid  is  dropt  into  barytes  water. 


* Klaproth’s  Beitrage,  iii.  131. 
f Vauquelin,  /Inn.  de  Cbim.  xxxvi.  209. 

| Klaproth’s  Beitrage,  iii.  13 1.  $ Klaproth,  Ibid. 


MELLATS. 


437 


strontian  water,  or  lime  water,  a white  powder  imme-  ^hap.  ill. 
diately  precipitates,  which  is  redissolved  by  adding  a 
little  more  of  the  acid  *. 

4.  When  the  acid  is  mixed  with  a solution  of  sulphat  lime, 
of  lime,  very  small  gritty  crystals  precipitate,  which  do 

not  destroy  the  transparency  of  the  water  : but  the  ad- 
dition of  a little  ammonia  renders  the  precipitate  fleakyf. 

The  precipitate  produced  by  this  acid  in  lime  water  is 
redissolved  by  the  addition  of  nitric  acidji. 

5.  When  this  acid  is  dropt  into  acetat  of  barytes,  a 'baryte*, 
fleaky  precipitate  appears,  which  is  dissolved  by  adding 
more  acid.  With  muriat  of  barytes  it  produces  no  pre- 
cipitate but  in  a short  time  a group  of  transparent 
needleform  crystals  is  deposited,  consisting  most  likely 

of  supermellat  of  barytes. 

6.  When  this  acid  is  dropt  into  sulphat  of  alumina,  alumina, 
it  throws  down  an  abundant  precipitate  in  the  form  of 

a white  fleaky  powder  §. 

Several  of  the  properties  just  mentioned  point  out  a 
resemblance  between  the  mellats  and  oxalats  •,  but  in 
others  these  two  genera  of  salts  differ  materially.  Ox- 
alic acid,  for  instance,  does  not  precipitate  alumina  from 
sulphuric  acid,  nor  does  it  precipitate  lime  from  the 
sulphat  of  that  earth  in  the  state  of  crystals. 


* Klaproth’s  Beitrage,  iii.  I 31. 

| Vauquelin,  Ann.  de  Cb'im.  xxxvi.  2X0. 
t Klaproth’s  Beitrage,  iii.  131. 

5 Vauquelin,  Ann.  de  Cbim.  xxxvi.  210'. 
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‘—““v-  ' Genus  IX.  Tartrats. 

Thqugh  tartaric  acid  was  first  obtained  by  Scbeele  in 
a separate  state,  several  of  the  tartrats  had  been  previ- 
ously examined,  haying  been  formed,  partly  by  decom- 
posing tartar,  and  partly  by  combining  it  with  other 
bases.  Since  the  discovery  of  pure  tartaric  acid,  they 
have  been  examined  by  Retzius,  by  Von  Packen,  and 
more  lately  by  Thenaid.  They  may  be  distinguished 
by  the  following  properties  : 

Character.'*  f’  W^en  exposed  to  a red  heat,  the  acid  is  decom- 
posed and  the  base  remains,  generally  in  the  state  of  a 
carbonat,  and  mixed  with  charcoal. 

2.  The  earthy  tartrats  are  nearly  insoluble  in  water ; 
the  alkaline  are  soluble  j but  they  combine  with  an  ex- 
cess of  acid,  and  are  converted  into  supertartrats,  which 
are  much  less  soluble  than  the  tartrats. 

3.  When  boiled  with  sulphuric  acid,  the  tartaric  acid 
is  separated,  and  may  be  detected  by  dropping  in  a so- 
lution of  potass.  ”1  artar  precipitates  in  small  gritty 
crystals  like  sand. 

4’  -AH  the  tartrats  are  capable  of  combining  with  an- 
other base,  and  forming  triple  salts. 

Sp.  1.  Tart  rat  of  Lime. 

This  salt  may  be  formed  by  dissolving  lime  in  tar- 
taric acid,  or  more  economically  by  dissolving  tartar  in 
boiling  water,  and  adding  to  the  solution  lime  in  pou’- 
der  till  it  ceases  to  produce  any  effervescence,  and  to 
readen  vegetable  blues.  Tartrat  of  lime  precipitates  in 
the  state  of  a white  powder,  tasteless,  insoluble  in  wa- 
ter, but  soluble  ia  an  excess  of  tartaric  acid. 


tartrats. 


It  is  decomposed  by  sulphuric,  nitric,  and  muriatic  Cfcap. 
acids,  but  by  none  of  the  earths  and  alkalies. 


Sp.  2.  Tartrat  of  Barytes . 

Tartaric  acid  forms  with  barytes  a soluble  salt,  the 
properties  of  which  have  not  been  examined.  It  is  de- 
composed by  oxalic  acid  *. 

Sp . 3.  Tartrat  of  S Croatian. 

This  salt,  first  examined  by  Dr  Hope,  and  after- 
wards by  Vauquelin,  may  be  formed  by  dissolving  stron- 
tian  in  tartaric  acid,  or  by  mixing  together  solutions 
of  nitrat  of  strontian  and  tartrat  of  potass.  Its  crystals 
are  small  regular  triangular  tables,  having  the  edges  and 
angles  sharp  and  well  defined.  It  is  insipid.  It  dis- 
solves in  320  parts  of  boiling  water.  It  is  composed  of 
47.12  acid  and  water 
52.88  strontian 
toc.cof 

Sp.  4.  Tartrat  of  Potass . 

Of  this  salt  there  are  two  varieties.  Ihe  first,  which 
contains  an  excess  of  acid,  is  usually  called  tartar ; the 
second,  which  is  neutral,  was  formerly  distinguished  by 
the  name  of  soluble  tartar,  because  it  is  much  more  so- 
luble in  water  than  the  first  variety. 

Variety  1.  Supertartrat  of  Potass. — 1 his  salt  is  ob- 
tained, in  a state  of  impurity,  incrusted  on  the  bottom 
and  sides  of  casks  in  which  wine  has  been  kept.  It  is 
afterwards  purified  by  dissolving  it  in  boiling  water. 


* Fourcroy  and  Vauquelin,  Mem.  He  l' Inslit.  ii.  61. 
f Vauquelin,  Jour.  Je  Min.  An.  vi.  p.  15. 
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v—  pure  salt  in  very  irregular  crystals.  In  this  state  it  is 
sold  under  the  name  of  crystals  or  cream  of  tartar. 
jstory.  This  salt  attracted  the  peculiar  attention  of  chemists, 
probably  in  consequence  of  the  extravagant  encomiums 
and  invectives  bestowed  on  it  by  Paracelsus.  It  is  call- 
ed  tartar , says  he,  because  it  produces  the  oil,  water, 
tincture,  and  salt,  which  burn  the  patient  as  hell  does. 
According  to  him,  it  is  the  principle  of  every  disease 
and  every  remedy,  and  all  things  contain  the  germ  of 
it.  This  ridiculous  theory  was  combated  by  Van  Hel- 
mont,  who  gives  a pretty  accurate  account  of  the  form- 
ation  of  tartar  in  wine  casks*.  It  was  known  to  Van 
Helmont,  and  even  to  his  predecessors,  that  potass 
could  be  obtained  from  tartar  : but  it  was  long  a dispu- 
ted point  among  chemists,  whether  that  alkali  existed 
in  it  ready  formed.  Duhamel,  Margraff,  and  Rouelle, 
at  last  established  that  point  beyond  a doubt ; but  the 
other  component  part  of  tartar  was  unknown,  or  very 
imperfectly  known,  till  Scheele  pointed  out  the  method 
of  extracting  it. 

ropcrnw.  The  crystals  of  tartar  are  very  small  and  irregular. 
According  to  Montet,  they  are  prisms,  somewhat  flat, 
and  mostly  with  six  sides.  Tartar  has  an  acid,  and  ra- 
ther unpleasant  taste.  It  is  very  brittle,  and  easily  re- 
duced to  powder  Its  specific  gravity  is  1.953!.  It  is 
soluble  in  about  60  parts  of  cold  water,  and  in  about 


30  parts  of  boiling  water.  It  is  not  altered  by  exposure 
st0  the  air  5 but  when  its  solution  in  water  is  allowed  to 


* Tartar i Vini  Hhtcria,  Van  Helmont,  p.  224. 
t llassenfratz,  Ann.  de  dim.  xxviii.  12. 
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remain  for  some  time,  the  salt  is  gradually  decomposed, 
a mucous  matter  is  deposited,  and  there  remains  in  so- 
lution  carbonat  of  potass  coloured  with  a little  oil. 

This  decomposition  was  first  accurately  described  by 
Berthollet  in  1782  *. 

When  tartar  is  heated,  it  melts,  swells,  blackens,  and 
the  acid  is  entirely  decomposed.  The  same  changes 
take  place  when  the  salt  is  distilled  in  close  vessels. 

The  phenomena  of  this  distillation  have  been  described 
with  great  care,  and  its  products  very  attentively  exa- 
mined by  chemists;  because,  before  the  discovery  of  the 
tartaric  acid  by  Scheele,  distillation  was  the  only  me- 
thod thought  of  for  obtaining  any  knowledge  of  the 
acid  part  of  tartar.  These  products  are  an  enormous 
quantity  of  gas,  consisting  of  carbonic  acid  and  carbu- 
reted hydrogen,  an  oil,  and  an  acid  ; and,  according  to 
some  chemists,  carbonat  0/  ammonia . The  acid  ob-  pyrotarta- 
tained  was  long  considered  as  a peculiar  body,  and  was 
denominated  pyro-tartarous  acid  by  the  French  che- 


mists in  1787  : But  Fourcroy  and  Vauquelin  have 

lately  demonstrated,  that  it  is  no  other  than  acetic  acid 
contaminated  with  a little  empyreumatic  oilf. 

Tartar,  according  to  Bergman,  is  composed  of 
77  acid 
23  potass 


Cam  posi- 
tion. 


100  % 

Or  of 56  tartrat  of  potass 

44  tartaric  acid 

100 


* Mem.  Par.  f Ann.  de  Cbim.  XXXV.  l6l. 

| Bergman,  iii.  368. 
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Division  n.  According  to  the  late  analysis  of  Thenard,  its  com- 
"v  ponent  parts  are  . . . 57  acid 

33  potass 
7 water 

91* 

Variety  2.  Tartrat  of  Potass.- This  salt  is  usually 
prepared  by  adding  at  intervals  tartar  in  powder  to  a 
hot  solution  of  carbonat  of  potass  till  all  effervescence 
ceases.  The  solution  is  then  boiled  for  some  time,  and 
afterwards  evaporated  till  a pellicle  forms  on  its  surface. 
On  cooling,  the  tartrat  of  potass  crystallizes  in  flat  four- 
sided rectangular  prisms,  terminated  by  dihedral  sum- 
niits,  T his  salt  has  an  unpleasant  bitter  taste.  Its  spe- 
cific gravity  is  1.5567^  It  is  soluble  in  four  pans  of 
cold  water,  and  still  more  soluble  in  hot  water.  When 
heated  it  melts,  swells  up,  blackens,  and  is  decomposed. 

Sp.  5.  Tartrat  of  Soda. 

This  salt  may  be  formed  by  dissolving  soda  in  tarta- 
ric 3cid.  It  crystallizes  in  fine  needles.  Its  specific 
gravity  is  1-7437  4-  is  capable  of  combining  with 
an  excess  of  acid,  and  forming  a super  tartrat  of  soda, 
■which  is  nearly  as  insoluble  in  water  as  tartar 


Sp.  6.  Tartrat  of  Ammonia. 

The  crystals  of  this  salt  are  polygonous  prisms,  not 
unlike  these  of  the  last  described  salt.  It  has  a cooling 
bitter  taste  like  that  of  nitre.  It  is  very  soluble  in  wa- 


* /bin.  de  CLim.  xxxviii.  39. 
i Hassenfratz,  sU,„  * dim.  xxviii.  12. 

$ Hassenfratz*  Ibid,  xxviii.  12.  $ Thcnard,  Ibid. 
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ter.  Heat  decomposes  it.  This  salt  also,  as  Retzius  Chap,  gt 
affirms,  combines  with  an  excess  of  acid,  and  forms  a 
supertartrat  almost  as  insoluble  in  water  as  tartar. 

Sp.  7.  'Tart rat  of  Magnesia . 

This  salt  is  insoluble  in  water  except  there  be  an  ex- 
cess of  acid  present.  It  then  affords  by  evaporation 
small  crystals  in  the  form  of  hexangular  truncated 
prisms  It  has  a more  saline  taste,  and  is  more  fusible 
than  tartrat  of  limef.  Heat  first  melts  and  afterwards 
decomposes  it. 

Sp.  8.  Tartrat  of  7'ttria. 

Yttria  is  precipitated  from  its  solution  in  acids  by 
tartrat  of  potass  ; but  an  addition  of  water  dissolves  the 
precipitate  Hence  it  follows  that  tartrat  of  yttria  is 
soluble  in  water. 

Sp.  C).  Tartrat  of  Alumina. 

This  salt  does  not  crystallize,  but  forms  by  evapora- 
tion a clear  transparent  gummy  mass.  Its  taste  is  as- 
tringent. It  is  soluble  in  water.  It  does  not  deli- 
quesce in  the  air$.  • 

Sp.  10.  Tartrat  of  Potass-and-Lime. 

This  salt  was  first  pointed  out  by  Thenard.  It  may 
be  formed  by  pouring  lime-water  into  the  solution  of 
tartrat  of  potass  till  a precipitate  begins  to  appear,  and 


• Bergman,  i.  388. 

} Klaproth’s  Beit  ray,  iii.  75. 


Von  Pacltcn  dc  Sale  Essint.  Acid.  Tartar. 
§ Von  Packen. 
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then  allowing  the  liquid  to  evaporate  spontaneously. 

he  triple  salt  gradually  attaches  itself  to  the  sides  of 
the  vessel  in  crystals  *. 


Sj>.  ii.  and  12.  Tartrat  of  Potass-and-bnrytes,  and 
Tartrat  of  Potass-and-strontian. 

These  two  triple  salts  may  be  formed  in  the  same 
way.  They  have  been  pointed  out  by  Thenard  ; but, 

ike  the  preceding  salt,  their  properties  are  still  unde- 
scribed f. 

SP'  z3-  ’Tartrat  of  Polass-and-soda. 

This  salt  is  usually  prepared  by  putting  one  part  of 
tartar  in  five  parts  of  boiling  water,  and  adding  gra- 
dually carbonat  of  soda  in  powder  as  long  as  it  continues 
to  produce  an  effervescence.  The  tartar  gradually  dis- 
solves. When  the  saturation  is  complete,  the  solution 
is  filtered  and  evaporated  to  the  consistence  of  a syrup. 
On  cooling,  the  tartrat  of  pot3ss-and-soda  crystallizes. 

History.  This  salt  has  been  distinguished  by  the  name  of  salt 
of  Seignettey  because  it  was  first  formed  and  introduced 
into  medicine  by  Mr  Seignette,  an  apothecary  at  Ro- 
chelle. This  gentleman  recommended  it  in  a tract  pub- 
lished in  1672.  It  was  soon  after  introduced  into  prac- 
tice in  Paris  by  Lemery  ; and,  becoming  a fashionable 
medicine,  made  the  fortune  of  the  discoverer.  For  some 
time  its  composition  was  kept  secret ; but  Boulduc  and 
Geoffroy  discovered  its  component  parts  in  1731.  Its 
crystals  are  prisms  of  eight  or  ten  unequal  sides,  having 
their  ends  truncated  at  right  angles.  They  are  gene- 


* Ann  di  Chim,  xxxviii,  31. 


f Ibid.  p.  32, 
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rally  divided  into  two  in  the  direction  of  their  axes ; 
and  the  base  on  which  they  stand  is  marked  with  two 
diagonal  lines,  so  as  to  divide  it  into  four  triangles.  It 
has  a bitter  taste.  It  is  almost  as  soluble  as  tartrat  of 
potass.  It  effloresces  when  exposed  to  the  air.  Heat 
decomposes  it. 

According  to  the  analysis  of  Vauquelin,  it  is  compo- 
sed of 54  tartrat  of  potass 

46  tartrat  of  soda 

100* 

Sp.  14.  'Tartrat  of  Potass-and-ammonia. 

This  triple  salt  maybe  formed  by  pouring  ammonia 
into  supertartrat  of  potass.  Its  crystals,  according  to 
Macquer,  are  prisms  with  four,  five,  or  six  sides  : ac- 
ing  to  the  Dijon  academicians,  parallelopipeds,  with  two 
alternate  sloping  sides. 

It  has  a cooling  taste.  It  is  soluble  enough  in  wa- 
ter. It  effloresces  in  the  air.  Heat  decomposes  it. 

Sp.  15.  Tartrat  of  Potass-and-magnesia. 

This  triple  salt,  first  examined  by  the  Dijon  acade- 
micians, may  be  formed  by  dissolving  magnesia  or  its 
carbonat  in  tartar.  The  solution,  according  to  them, 
yields,  by  evaporation,  needle-form  crystals  : but,  ac- 
cording to  Thenard,  this  triple  salt  does  not  crystallize  ; 
and  when  evaporated,  it  deliquesces  f. 

Sp.  1 6.  Tartrat  of  Potass-and-alumina . 

This  triple  salt  is  formed  by  saturating  tartar  with 


* Fourcroy,  vii.  246, 


f Ann.  dt  Cbim.  xxfviii.  51. 
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xSmoJV  aIumma,  < bears  a very  Striking  resemblance  to  the 
* v — , last  described  salt.  Thenard  has  observed,  that  no  pre- 

cipitate is  produced  in  this  salt,  either  by  the  addition  of 
alkalies  or  their  carbonats  *. 

Genus  X.  Citrats. 

/ * 

4\ 

As  the  citric  acid  was  first  obtained  in  a state  of  pu- 
rity by  Scheele,.  we  may  consider  him  as  the  author  of 
the  first  accurate  remarks  on  the  citrats.  Several  of 
them  have  been  lately  examined  with  considerable  atten- 
tion by  Vauquelin  ; but  they  are  still  very  imperfectly 
known. 

Characters.  The  citrats  may  be  distinguished  by  the  following 
properties  : 

1.  The  solution  of  barytes  forms  a precipitate  in  the 
alkaline  citrats. 

2.  They  are  decomposed  by  the  stronger  mineral 
acids. 

3.  They  are  decomposed  by  the  oxalic  and  tartaric 
acids,  which  occasion  an  insoluble  precipitate  in  their 
solutions. 

4.  When  distilled,  they  yield  traces  of  acetic  acid. 

5.  Their  solution  in  water  is  gradually  decomposed, 
depositing  mucous  flakes. 

Sp.  I.  Citrat  of  D ary  Us. 

When  barytes  is  added  to  a solution  of  citric  acid,  a 
flocky  precipitate  appears,  which  is  at  first  dissolved  a- 
gain  by  agitation  ; but  remains  permanent  when  the  sa- 


* Ann.  de  Cbim.  xxxviii.  33. 
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ttltation  is  complete.  The  citrat  of  barytes,  thus  form- 
ed, is  precipitated  in  the  state  of  a white  powder  ; but 
it  gradually  assumes  the  appearance  of  silky  flakes,  or 
forms  a kind  of  vegetation  very  brilliant  and  beautiful. 
It  requires  a great  quantity  of  water  to  dissolve  it.  This 
salt,  according  to  Vauquelin,  is  composed  of 

50  acid  crystallized 
50  barytes 


100  * 


Sp.  2.  Citrat  of  Lime. 

This  salt  is  formed  by  dissolving  carbonat  of  lime  in 
citric  acid.  It  is  usually  in  the  statd  of  a white  powder, 
scarcely  soluble  in  water  ; but  it  is  soluble  in  an  excess 
of  acid,  and  may  be  obtained  from  that  solution  in  crys- 
tals. According  to  Vauquelin,  it  is  composed  of 
62.66  acid 
37.34  lime 

100.00  f 


Sp.  3.  Citrat  of  Strotitian. 

This  salt  was  obtained  by  Vauquelin  by  mixing  a so- 
lution of  citrat  of  ammonia  with  nitrat  of  strontian. 
No  precipitate  appears  ; but  when  the  liquid  is  slowly 
evaporated,  small  crystals  of  citrat  of  strontian  are  gra- 
dually formed.  This  salt  is  soluble  in  water,  and  exhi- 
bits nearly  the  same  properties  as  the  oxalat  or  tartraC 
of  strontian 


• Fourcroy,  vii.  207. 

{ Jour,  dt'  Min.  An.  vi.  p.  16. 

Vor..  II.  I i 


f Ibid. 
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Sp.  4.  Citrat  of  Potafs. 

This  salt  may  be  formed  by  dissolving  carbonat  of 
potass  in  citric  acid,  and  evaporating  the  solution  to  the 
requisite  consistency.  It  is  very  soluble  in  water ; does 
not  crystallize  easily  ; and  readily  deliquesces  when  ex- 
posed to  the  air.  It  is  composed,  according  to  Vau- 
quelin,  of  55*55  acid 

44.45  potass 

100.00  * 

t 

This  salt,  or  rather  its  solution  in  water,  is  often  em- 
ployed in  this  country  as  a medicine  to  allay  sickness, 
and  put  a stop  to  vomiting. 

Sp.  5.  Citrat  of  Soda. 

This  salt  may  be  formed  by  the  same  process  as  the 
last  species.  By  proper  evaporation,  it  is  obtained  cry- 
stallized in  six-sided  prisms,  not  terminated  by  pyramids. 
Its  taste  is  salt  and  cooling,  but  mild.  It  is  soluble  in 
1^-  parts  of  water.  When  exposed  to  the  air,  it  efflo- 
resces slightly.  When  heated,  it  melts,  swells,  bubbles 
up,  blackens,  and  is  decomposed.  According  to  Vau- 
quelin,  it  is  composed  of  . . . 60.7  acid 

39.3  soda 

100.0  f 

Sp.  6.  Citrat  of  Ammonia. 

This  salt,  formed  by  dissolving  carbonat  of  ammonia 
in  citric  acid,  does  not  crystallize  till  its  solution  be  eva- 


# Fourcrojr,  vii.  207. 
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porated  to  the  consistency  of  a thick  syrup.  Its  cfys-  Cfap.  Hl.^ 
stals  are  elongated  prisms.  It  is  very  soluble  in  water. 

Its  taste  is  cooling  and  moderately  saline  *,  Thfr  am- 
monia is  separated  by  the  application  of  heat  f. 

According  to  Vauquelin,  it  is  corrfposed  of 

6 2 acid 

38  ammonia 
100  | 

Sp.  7.  Citrat  of  Magnesia. 

This  salt  may  be  formed  by  dissolving  carbonat  of 
magnesia  in  citric  acid.  This  solution,  though  evapo- 
rated to  a thick  syrup,  does  not  crystallize  ; but  it  gra- 
dually assumes  the  form  of  a white  opaque  soft  mass, 
which  rises  in  the  vessel  like  a mushroom.  According 
to  Vauquelin,  it  is  composed  of 

66.66  acid 
33.34  magnesia 

100. 00$ 

The  remaining  citrats  have  not  been  examined,  and 
are  therefore  still  unknown. 

Genus  XI.  Saccolats. 

These  salts,  hitherto  examined  only  by  Scheele,  are 
almost  entirely  unknown.  The  following  are  all  the 
facts  mentioned  by  that  illustrious  discoverer. 


I Li 


* Dobson. 

J Fourcroy,  vii.  208. 


f Scheele.' 
§ Ibid. 
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1.  Saccolat  of  potass.  Small  crystals,  soluble  in  eight 
times  their  weight  of  boiling  water*. 

2.  Saccolat  of  soda.  The  same  j soluble  in  five  times 
their  weight  of  boiling  water  f . 

3.  Saccolat  of  ammonia.  A salt  which  has  a sourish 
taste.  Heat  separates  the  ammonia  J. 

4.  Saccolat  of  barytes. 

5.  Saccolat  of  lime.  I These  salts  are  insoluble 

6.  Saccolat  of  magnesia.  C in  water  §. 

7.  Saccolat  of  alumina.  J 


Genus  XII.  Sebats. 

As  the  sebacic  acid  was,  strictly  speaking,  unknown 
tilthe  late  experiments  of  Thenard,  the  description  of 
the  sebats  published  by  former  chemists  cannot  be  ad- 
mitted as  exact  till  they  be  verified  by  a new  examina- 
tion. These  salts  of  course  are  unknown,  if  we  except 
the  few  facts  pointed  out  by  Thenard.  This  chemist, 
however,  has  announced  his  intention  of  publishing  a 
detailed  account  of  them  If. 

1.  When  sebacic  acid  is  dropt  into  barytes  water, 
lime  water,  or  strontian  water,  it  does  not  render  these 
liquids  turbid.  Hence  we  learn,  that  the  sebats  of  the 
alkaline  earths  are  soluble  in  water. 

2.  The  alkaline  sebats  are  likewise  soluble.  Sebat  of 
potass  has  little  taste,  does  not  attract  moisture  from  the 
air ; and  when  sulphuric,  nitric,  or  muriatic  acid  is  pour- 
ed upon  it,  sebacic  acid  is  deposited.  When  the  con- 


* Scheele  on  Sugar  of  Milk.  f Ibid. 

1 ftid.  J Ibid. 

^ The  salts  described  by  Crell  as  Sebats , appear  to  hare  been  Murids , 
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centrated  solution  of  this  salt  is  mixed  with  any  of  these  ,chaP;111- 
acids,  it  becomes  solid  from  the  crystallization  of  the 

sbacic  acid  *. 


Genus  XIII.  Malats. 

This  genus  of  salts  is  almost  unknown,  owing  chief- 
ly to  the  difficulty  of  procuring  pure  mallic  acid.  The 
following  are  the  only  facts  hitherto  ascertained. 

1.  Malat  of  potass.  1 These  salts  were  formed  by 

2.  Malat  of  soda.  > Scheele.  They  are  deliques- 

3.  Malat  of  ammonia.  J)  cent  and  very  soluble. 

4.  Malat  of  barytes.  When  mallic  acid  is  dropt  into 
barytes  water,  a white  powder  precipitates,  which  is  ma- 
lat of  barytes.  According  to  Scheele,  th,e  properties  of 
this  salt  resemble  those  of  malat  of  lime. 

5.  Malat  of  strontian.  Malic  acid  occasions  no  preci- 
pitate in  strontian  water.  Hence  it  follows,  that  malat 
of  strontian  is  more  soluble  than  malat  of  barytes  f. 

6.  When  mallic  acid  is  neutralized  with  lime,  it  forms 
a salt  scarcely  soluble  in  water,  which  may  be  obtained 
in  crystals,  by  allowing  the  supermalat  of  lime  to  evapo- 
rate spontaneously.  Crystals  of  neutral  malat  are 
formed  in  the  solution  if.  But  this  acid  has  a strong 
tendency  to  combine  in  excess  with  lime,  and  to  form  a 
supermalat  of  lime.  This  salt  is  formed  when  carbonat  of 
lime  is  thrown  into  malic  acid,  or  into  any  liquid  contain- 
ing it.  This  .supersalt  exists  in  various  vegetables,  espe- 


* Thenard,  Nicholson’s  8vo.  'Jour.  i.  34. 

| Pelletier,  Ann.  de  Cbi/n.  xxi.  141. 

\ Scheele,  Cr til's  Annals , ii.  j.  Eng.  Trasv 
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pWdon  n.  ciaI1y  sempervivum  tectorum,  and  some  of  the  sc* 
S-r-v—  dums. 

Supermalat  of  lime  has  an  acid  taste.  It  yields  a pre- 
cipitate with  alkalies,  sulphuric  acid,  and  oxalic  acid. 
Lime  water  saturates  the  excess  of  acid,  and  throws 
down  a precipitate  of  malat  of  lime.  When  the  super- 
malat of  lime  is  evaporated  to  dryness,  it  assumes  ex- 
actly the  appearance  of  gum  arabic  \ and  if  it  has  been 
spread  thin  upon  the  nail  or  wood,  it  forms  a varnish, 
It  is  not  so  soluble  in  water  as  gum  arabic,  and  the  taste 
readily  distinguishes  the  two.  Supermalat  of  lime  is  in- 
soluble in  alcohol  *. 

7-  Malat  of  magnesia.  This  salt  is  very  soluble  in 
w^ter,  and  when  exposed  to  the  air  deliquesces  f 

8 Malat  of  alumina.  This  salt  is  almost  insoluble  in 
water  J.  Of  course  it  precipitates  when  malic  acid  is 
dropt  into  a solution  containing  alumina.  Mr  Chene- 
vix  has  proposed  this  acid  to  separate  alumina  from 
magnesia  ; which  earths,  as  is  well  known,  have  a strong 
affinity  for  each  other  L 

Genus  XIV.  Lactats. 

Thi^  genus  also  is  scarcely  known.  The  few  obser- 
vations of  Scheele,  the  only  chemist  who  examined  them, 
are  the  following  §. 

i.  Lactat  qf  potass.  A deliquescent  salt,  soluble  in 
alcohol. 


* Scheele,  Crell'i  Annals,  ii.  5.  Erg.  Trans.  Vauquelin,  Ann.  dt  Cbm 
jFpcv-  154-  f Scheele,  Ibid.  p.  10. 

t Ann.  dt  dim.  xxyiii.  9J1.  $ Scheele,  ii.  6j. 
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z.  Lactat  of  soda.  This  salt  does  not  crystallize.  It  Chap^UL 
is  soluble  in  alcohol. 

3.  Lactat  of  ammonia.  Crystals  which  deliquesce. 

Heat  separates  a great  part  of  the  ammonia  before  de- 
stroying the  acid.  _ 

4 . Lactat  of  barytes.  These  salts  deliquesce.  The 

5.  Lactat  of  Lime.  C lactat  of  lime  is  soluble  m 

6.  Lactat  of  alumina.  J alcohol. 

7.  Lactat  of  magnesia.  Small  deliquescent  crystals* 


Genus  XV.  Suberats. 

These  salts  have  been  described  with  a good  deal  of 
detail  by  Bouillon  Lagrange.  They  have  in  general  a 
bitter  taste,  and  are  decomposed  by  heat. 

Sp.  1 . Suberat  of  Barytes. 

This  salt  does  not  crystallize.  Heat  makes  it  swell 
up,  and  melts  it.  It  is  scarcely  soluble  in  water  except 
there  be  an  excess  of  acid.  It  is  decomposed  by  most 
of  the  neutral  salts  except  the  barytic  salts  and  the  fluat 
of  lime  *. 


Sp.  2.  Subernt  of  Potass. 

This  salt  ought  to  be  formed  by  means  of  crystalli- 
zed carbonat  of  potass.  It  crystallizes  in  prisms,  ha- 
ving four  unequal  sides.  It  has  a bitter  saltish  taste, 
and  it  reddens  vegetable  blues.  It  is  very  soluble  in 
water.  Caloric  melts  it,  and  at  last  volatilizes  the  acid. 
It  is  decomposed  by  most  of  the  metallic  salts,  and  by 

4. 


* Ann.  de  dim.  xxiji-  52,. 
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pi  vision*  IL  sulPhat  of  alumina,  muriat  of  alumina  and  of  lime,  ni- 

' trff  a^um^na  and  of  lime,  and  phosphat  of  alu- 
mina *. 

Sp-  3 • Sul  era  t of  Soda. 

This  salt  does  not  crystallize.  It  reddens  the  tine, 
ture  of  turnsole.  Its  taste  is  slightly  bitter.  It  is  verv 
soluble  in  water  and  in  alcohol.  It  attracts  moisture 
rom  the  air.  Caloric  produces  the  same  effect  on  it 
that  it  does  on  suberat  of  potass.  It  is  decomposed  by  ’ 
the  calcareous,  aluminous,  and  magnesian  salts  f . 

Sp.  4.  Suberat  of  Lime. 

This  -salt  does  not  crystallize.  It  is  perfectly  white  : 
it  has  a saltish  taste  : it  does  not  redden  the  tincture  of 
turnsole.  It  is  very  sparingly  soluble  in  water  except 
when  hot ; and  as  the  solution  cools  most  of  the  salt 
precipitates  again.  When  placed  upon  burning  coals  it 
swells  up,  the  acid  is  decomposed,  and  there  remains 
only  the  lime  in  the  state  of  powder. 

It  is  decomposed  by  the  following  salts  : 

1.  Muriat  of  alumina. 

2.  Carbonats  of  potass  and  soda. 

3.  Fluat  of  magnesia. 

4.  Phosphats  of  alumina  and  soda. 

5.  Borat  of  potass. 

6.  All  the  metallic  solutions 


| Ibid,  p jij. 
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Sp.  $.  Suberat  of  Ammonia.  Chap.  Ill ^ 

' \i  1 

This  salt  crystallizes  in  parallelopipeds.  Its  taste  is 
saltish,  and  it  leaves  an  impression  of  bitterness.  It 
reddens  vegetable  blues.  It  is  very  soluble  in  water. 

It  attracts  moisture  from  the  air.  When  placed  upon 
burning  coals,  it  loses  its  water  of  crystallization,  and 
swells  up  ; and  before  the  blow-pipe  it  evaporates  en- 
tirely. It  is  decomposed  by  the  aluminous  and  magne- 
sian salts  *. 


Sp.  6.  Suberat  of  Magnesia. 

This  salt  is  in  the  form  of  a powder  : it  reddens  the 
tincture  of  turnsole.  It  has  a bitter  taste  : It  is  soluble 
in  water,  and  attracts  some  moisture  when  exposed  to 
the  air.  When  heated  it  swells  up  and  melts  : before 
the  blow-pipe  the  acid  is  decomposed,  and  the  magnesia 
remains  in  a state  of  purity. 

It  is  decomposed  by  the  following  salts  : 

1 . Muriat  and  phosphat  of  alumina. 

2.  Nitrats  of  lime  and  alumina. 

3.  Borat  of  potass. 

4.  Fluat  of  sodaf. 

Sp.  7.  Suberat  of  Alumina.  ' 

This  salt  does  not  crystallize.  When  its  solution  Is 
evaporated  by  a moderate  heat  in  a wide  vessel,  the  salt 
obtained  is  of  a yellow  colour,  transparent,  having  a 
styptic  taste,  and  leaving  an  impression  of  bitterness  cm 
the  tongue.  When  too  much  heat  is  employed,  it  melts 
and  blackens.  It  reddens  the  tincture  of  turnsole,  and 


* Ann.  de  Cbim.  juxiii.  p.  35. 
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attracts  moisture  from  the  air.  Before  the  blow-pipe 
it  swells  up,  the  acid  is  volatilized  and  decomposed,  and 
nothing  remains  but  the  alumina. 

It  is  decomposed  by  the  following  salts : 

1.  Carbonats  of  potass  and  soda. 

2.  Sulphat  and  muriat  of  iron. 

3.  Nitrats  of  silver,  mercury,  and  lead  *. 

Genus  XVI.  Gallats. 

Whe  ther  gallic  acid  be  capable  of  forming  crystal- 
lizable  salts  with  the  different  bases,  is  still  a problem 
which  chemists  have  not  resolved. 

1.  When  the  alkalies  are  dropt  into  a solution  of  gal- 
lic acid  in  water,  or  into  a solution  containing  gallic 
acid,  it  assumes  a green  colour.  This  change  is  consi- 
dered by  Proust  as  the  most  decisive  test  of  the  presence 
of  gallic  acid.  The  same  change  of  colour  takes  place 
when  gallic  acid  is1  poured  into  barytes  water,  strontian 
water,  or  lime  water,  and  at  the  same  time  a powder 
of  a greenish  brown  colour  precipitates.  The  green  li- 
quid which  rem.ains  contains  only  gallic  acid  combined 
with  the  earth  employed  in  the  experiment.  But  if  we 
attempt  to  evaporate  it  to  dryness,  the  green  colour  dis- 
appears, and  the  acid  is  almost  completely  decomposed. 

2.  When  magnesia  is  boiled  with  the  infusion  of  nut- 
galls,  the  liquid  becomes  almost  limpid,  and  assumes  the 
same  green  coiour  as  the  former  mixtures.  From  the 
experiments  of  Davy,  it  appears,  that  in  this  case  all  the 
extract  of  tan  is  separated  from  the  infusion,  together 


* Anti,  de  CLim.  xxiiL  55. 
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with  a portion  of  the  gallic  acid ; and  that  the  liquid 
holds  in  solution  nothing  but  a combination  of  that  acid 
and  magnesia.  But  in  this  case  also  the  acid  is  decom- 
posed, and  the  green  colour  disappears  when  we  at- 
tempt to  obtain  the  composition  in  a dry  state. 

3.  When  a small  portion  of  alumina  is  mixed  with 
the  infusion  of  nutgalls,  it  separates  the  whole  of  the 
tan  and  extract,  and  leaves  the  liquid  limpid  and  of  a 
very  pale  yellowish  green  colour.  rlhis  liquid,  by  spon- 
taneous evaporation,  yields  small  transparent  prismatic 
crystals,  which,  according  to  Mr  Davy,  are  supergallat  of 
alumina.  They  afford  the  only  instance  of  a gallat  ca- 
pable of  existing  in  the  state  of  crystals.  The  quantity 
of  alumina  is  very  small  ; too  small  to  disguis,e  the  pro- 
perties of  the  acid. 

Genus  XVII.  Prussiats. 

The  prussic  acid  presents  so  many  anomalies,  and 
its  nature  is  so  easily  altered,  that  it  has  been  hitherto 
impossible  to  ascertain  with  precision  the  properties  of 
the  compounds  which  it  forms  with  the  different  bases. 

Indeed  the  salts  formed  by  the  prussic  acid  have  scarce- 
ly any  permanency  unless  they  be  united  with  a little 
of  some  metallic  oxide,  and  therefore  in  the  state  of 
triple  salts*.  Mere  exposure  to  the  air,  or  to  a heat 


* Curaudau,  who  has  lately  published  a paper  on  prussic  acid,  aiV 
firms  that  it  exists  in  three  states.  When  first  prepared  by  the  calcina- 
tion of  blood,  it  is  merely  a carburet  of  azote.  The  instant  that  this  car- 
buret comes  in  contact  with  water,  it  combines  with  its  hydrogen,  and 
forms  gaseous  prussic  acid,  or  pruitire  as  he  terms  it.  Tjiis  prussire 
combines  with  alkalies  and  earths  ; but  it  has  none  of  the  properties  of 
acid.  When  it  comes  in  contact  with  a peroxide,  it  is  modified  by 


Chap.  Ilf. 


Supergallat 
of  alumina. 


SALTS. 


JAvi'sion^iI  I20°> *s  sufficient  to  decompose  them.  This  want  of 
**— v— permanency  rendering  the  pure  prussiats  of  little  im- 
portance, has  prevented  chemists  from  paying  much  at- 
tention to  their  properties.  The  only  person,  indeed, 
who  has-  examined  them  at  all  is  Scheele.  But  the  triple 
prussiats,  not  being  liable  to  spontaneous  decomposition, 
have  been  employed  with  success  as  chemical  re- agents, 
and  have  excited  a good  deal  of  interest  in  consequence 
of  the  important  purposes  to  which  they  may  be  ap- 
plied. 

Sp.  I . Prussiat  of  Barytes. 

This  salt  is  but  sparingly  soluble  in  water.  The 
barytes  is  precipitated  by  sulphuric  acid,  and  even  by 
carbonic  acid*. 

Sp.  2.  and  3.  Prussiats  of  the  Fixed  Alkalies. 

These  salts,  formed  by  dissolving  the  fixed  alkalies 
in  prussic  acid,  are  very  soluble  in  water,  tinge  vege- 
table blues  green,  and  are  partly  decomposed  by  a very 
moderate:  heatf. 

Sp.  4.  Prussiat  of  Lime. 

Tilts  salt  may  be  formed  by  dissolving  lime  in  pr-us» 
sic  acid,  filtrating  the  solution,  and  separating  the  un- 
combined lime,  which  it  still  retains,  by  adding  as  much 


the  oxygen  of  that  body,  assumes  acid  properties,  and  forms  triple  prus» 
siats.  See  Ann.  de  Chim.  xlvi.  148. — These  assertions  are  so  contrary  to 
the  experiments  of  Scheele  and  Berthollet,  and  to  the  received  opinions, 
that  it  would  be  necessary,  before  admitting  them,  to  prove  their  truth 
by  very  unexceptionable  evidence.  Curaudau,  however,  brings  no  evi- 
dence at  all. 

* Scheele,.  ii.  167. 


f Ibid.  p.  166. 
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'liquid  carbonic  acid  as  is  just  sufficient  to  precipitate  all 
the  lime  from  the  same  bulk  of  lime-water.  It  is  then 
to  be  filtered  again,  and  preserved  in  close  vessels.  It 
is  decomposed  by  all  the  other  acids,  and  by  the  alka- 
lies. When  distilled,  the  prussic  acid  is  separated,  and 
the  pure  lime  remains*. 

Sp.  5.  Prussiat  of  Ammonia. 

Thjs  salt  has  the  odour  of  pure  ammonia;  when 
heated  it  evaporates  completely  f. 

Sp.  6.  Prussiat  of  Magnesia . 

This  salt  may  be  formed  by  putting  pure  magnesia 
into  prussic  acid.  In  a few  days  the  earth  is  dissolved, 
and  the  compound  formed.  The  magnesia  is  precipi- 
tated by  the  alkalies  and  lime,  and  by  exposure  to  the 
air 

Sp.  7.  Prussiats  of  Iron. 

As  the  prussiats  of  iron  enter  as  ingredients  into  the 
triple  salts  formed  by  the  prussic  acid,  it  will  be  neces- 
sary to  give  some  account  of  them  before  entering  upon 
the  consideration  of  these  triple  salts. 

It  has  been  demonstrated  by  chemists,  that  there  arc 
no  fewer  than  four  prussiats  of  iron;  namely, 

1.  White  prussiat,  3.  Yellow  prussiat, 

2.  Blue  prussiat,  4.  Green  prussiat. 

The  white  prussiat  discovered  by  Mr  Proust  is  com- 
posed of  prussic  acid  and  protoxide  of  iron.  It  becomes 
gradually  blue  when  exposed  to  the  atmosphere,  because 


♦ Sdieelc,  ii.  168. 


■f  Ibid.  p.  166. 
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— oxide*. 

Blue  prussiat,  or  prussian  blue,  is  composed  of  prus-* 
sic  acid  and  peroxide  of  iron.  It  is  a deep  blue  powder* 
insoluble  in  water,  and  scarcely  soluble  in  acids.  It  is 
composed,  according  to  the  most  accurate  experiments 
hitherto  made,  of  equal  parts  of  oxide  of  iron  and  prus- 
sic acid.  It  is  not  affected  by  exposure  to  the  air. 
Heat  decomposes  it  by  destroying  the  acid,  and  the  ox- 
ide of  iron  remains  behind.  The  prussian  blue  of  com- 
merce, besides  other  impurities,  contains  mixed  with  it 
a great  quantity  of  alumina. 

Yellow  prussiat  is  composed  of  prussic  acid  combined 
■jvith  an  excess  of  peroxide  of  iron  : it  is  therefore  a 
sub-prussiat  of  iron.  This  prussiat  is  soluble  in  acids. 
It  may  be  obtained  by  digesting  the  alkalies  or  alkaline 
earths  with  prussian  blue.  Part  of  the  acid  is  carried 
off  by  these  bodies,  and  the  yellow  prussiat  remains  in 
the  state  of  a powder. 

Green  prussiat,  first  discovered  by  Mr  Berthollet,  is 
composed  of  oxyprussic  acid  and  peroxide  of  iron.  It 
is  therefore  in  fact  an  oxyprussiat. 

Sp.  7.  Prussiat  of  B ary tes-and-  iron. 

For  the  first  accurate  description  of  this  salt  we  are 
indebted  to  the  ingenious  Mr  William  Henry.  It  may 
be  formed  by  adding  prussian  blue  to  hot  barytes  water 
till  it  ceases  to  be  discoloured.  The  solution,  when  fil- 
tered and  gently  evaporated,  yields  crystals  of  prussiat 
cf  barytes-and-iron. 


* Nicholson’s  ’Journal,  i.  453. 
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These  crystals  have  the  figure  of  rhomboidal  prisms; 
they  have  a yellow  colour,  and  are  soluble  in  1920  parts 
of  cold  water,  and  in  about  100  parts  of  boiling  water. 
In  a red  heat  they  are  decomposed,  the  acid  being  de- 
stroyed. They  are  soluble  in  nitric  and  muriatic  fccids ; 
sulphuric  acid  occasions  a precipitate  of  sulphat  of  ba- 
rytes *. 

Sp.  8.  Prussiat  of  Stronlian-and-iron. 

This  salt  was  also  first  examined  by  Mr  Henry.  It 
may  be  formed  by  the  same  process  as  the  last  species; 
but  the  solution  does  not  crystallize  nearly  so  readily. 
When  evaporated  to  dryness,  it  does  not  deliquesce,  and 
is  again  soluble  in  less  than  four  parts  of  cold  water  f. 

Sp.  9.  Prussiat  of  Lime-and-iron . 

This  salt  was  perhaps  first  mentioned  by  Mr  Ha- 
gen but  we  are  indebted  to  Morveau  for  the  first  ac- 
curate account  of  its  properties  and  preparation  §. 

Upon  two  parts  of  Prussian  blue  of  commerce,  pre- 
viously well  washed  with  a sufficient  quantity  of  boil- 
ing water  to  separate  all  the  foreign  salts,  about  56  parts 
of  lime  water  are  to  be  poured,  and  the  mixture  must 
be  boiled  for  a short  time  till  the  lime  is  saturated  with 
the  prussic  acid,  which  is  known  by  its  no  longer  al- 
tering paper  stained  with  turmeric:  it  is  then  to  be  fil- 
tered. 

This  liquid,  which  contains  the  triple  prussiat  of  lime 
in  solution,  has  a greenish-yellow  colour  ; its  specific 


* Nicholson’s  Journal,  iii.  170. 
J Crcll’s  Annals,  1784,  i.  291. 


t Ibid.  p.  171. 

{ Encyc.  Method,  Chim.  i.  242. 
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gravity  is  1.005  5 and  it  has  an  unpleasant  bitterish 
taste.  When  evaporated  to  dryness,  it  yields  small 
crystalline  grains,  soluble  without  alteration  in  water. 
It  is  insoluble  in  alcohol. 

This  triple  prussiat  may  be  used  with  advantage  as  a 
test  to  ascertain  the  presence  of  metals  held  in  solution. 
The  only  impurity  which  it  contains  is  a little  sulphat 
of  lime. 


IO.  Pr usual  of  Potass-ancl-iron. 


This  salt,  known  also  by  the  names  of  prussian  al- 
kali, phlogisticated  alkali , prussian  test , triple  prussiat 
of  potass.  See.  has  been  chosen  by  chemists  as  the  best 
combination  of  prussic  acid  for  detecting  the  presence 
of  metals,  and  more  especially  for  detecting  the  exist- 
topertance.  ence  of  iron.  To  chemists  and  mineralogists  it  is  one 
of  the  most  important  instruments  ever  invented  ; as, 
when  properly  prepared,  it  is  capable  of  indicating  whe- 
ther any  metallic  substance  (platinum  excepted)  be  pre- 
sent in  any  solution  whatever,  and  even  of  pointing  out 
the  particular  metal,  and  of  ascertaining  its  quantity. 
This  it  does  by  precipitating  the  metals  from  their  so- 
lution in  consequence  of  the  insoluble  compound  which 
it  forms  with  them.  And  the  colour  of  the  precipitate 
indicates  the  particular  metal,  while  its  quantity  enables 
us  to  judge  of  the  proportion  of  metallic  oxide  contain- 
ed in  any  solution. 

In  order  to  be  certain  of  the  accuracy  of  these  re- 
sults, it  is  necessary  to  have  a prussian  alkali  perfectfy 
pure,  and  to  be  certain  before- hand  of  the  quantity,  or 
rather  of  the  proportions,  of  its  ingredients.  To  ob- 
tain a test  of  this  kind  has  been  the  object  of  chemists 
ever  since  the  discoveries  of  Macquer  pointed  out  its 
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importance.  It  is  to  the  use  of  impure  tests  that  a Chap.  lit. 
great  part  of  the  contradictory  results  of  mineralogical 
analyses  by  different  chemists  is  to  be  ascribed. 

The  great  object  of  chemists  at  first  was  to  obtain 
this  prussiat  entirely  free  from  iron ; but  their  attempts 
uniformly  failed,  because  the  oxide  of  iron  is  One  of  its 
necessary  component  parts.  This  was  first  properly 
pointed  out  by  Morveau. 

There  are  two  * ways  in  which  this  test  may  be  ren-  Often  im.- 
dered  impure,  besides  the  introduction  of  foreign  ingre-  *>ure‘ 
dients,  which  it  is  needless  to  mention,  because  it  is  ob- 
vious that  it  must  be  guarded  against,  i.  There  may 
be  a superabundance  of  alkali  present,  or,  which  is  the 
same  thing,  there  may  be  mixed  with  the  prussian  test 
a quantity  of  pure  alkali;  or,  2.  There  may  be  contain- 
ed in  it  a quantity  of  yellow  prussiat  of  iron,  for  which 
prussiat  of  potass  has  also  a considerable  affinity. 

If  the  prussian  test  contain  a superabundance  of  al- 
kali, two  inconveniences  follow.  This  superabundant 
quantity  will  precipitate  those  earthy  salts  which  are 
liable  to  contain  an  excess  of  acid,  and  which  are  only 
soluble  by  that  excess  : Hence  alumina  and  barytes  will 
be  precipitated.  It  is  to  the  use  of  impure  tests  of  this 
kind  that  we  owe  the  opinion,  that  barytes  and  alumina 
are  precipitated  by  the  prussian  alkali,  and  the  conse- 
quent theories  of  the  metallic  nature  of  these  earths. 

This  mistake  was  first  corrected  by  Meyer  of  Stetinf. 

Another  inconvenience  arising  from  the  superabun- 
dance of  alkali  in  the  prussian  test  is,  that  it  gradually 
decomposes  the  blue  prussiat  which  the  test  contains* 


* See  Kirwan’i  Min.  i.  487.  t Crell’s  Annals.  1786,  ii.  143, 
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and  converts  it  into  yellow  prussiat.  In  what  manner 
it  does  this  will  be  understood,  after  what  has  been  said, 
without  any  explanation. 

On  the  other  hand,  when  the  prussian  alkali  contains 
a quantity  of  yellow  prussiat  of  iron,  as  great  inconve- 
niences follow.  This  yellow  prussiat  has  an  affinity  for 
prussic  acid,  which,  though  inferior  to  that  of  the  pot- 
ass, is  still  considerable  ; and,  on  the  other  hand,  the 
potass  has  a stronger  affinity  for  every  other  acid  than 
for  the  prussic.  When,  therefore,  the  test  is  exposed 
to  the  air,  the  carbonic  acid,  which  the  atmosphere  al- 
ways contains,  assisted  by  the  affinity  between  the  yel- 
low prussiat  and  the  prussic  acid,  decomposes  the  prus- 
siat of  potass  in  the  test,  and  the  yellow  prussiat  is  pre- 
cipitated in  the  form  of  prussian  blue  ; and  every  other 
acid  produces  the  same  effect.  - A test  of  this  kind  would 
indicate  the  presence  of  iron  in  every  mixture  which 
contains  an  acid  (for  a precipitation  of  prussian  blue 
would  appear'),  and  could  not  therefore  be  employed 
with  any  confidence. 

To  describe  the  various  methods  proposed  by  che- 
mists for  preparing  this  salt  would  be  unnecessary,  as 
the  greater  number  do  not  answer  the  purpose  intend- 
ed *.  The  method  practised  by  Klaproth,  first  made 
known  to  chemists  by  Westrumf,  and  afterwards  de- 
scribed in  our  language  by  KirwanJ,  is  considered- as 
one  of  the  best.  It  is  as  follows  : 


* A historical  account  of  these  different  preparations,  with  their  pro- 
perties and  defects,  may  be  seen  in  Westrum’s  Treatise  (Crell’s  A Tcu 
Entd.  in  d.  Gocm.  Th.  xii.),  in  Morveau’s  Dissertation  on  the  Prussic  A- 
cid  (Encyc.  Method.  Chin,,  i.  225.),  and  Kirwan’s  Treatise  on  the  Method 
of  Analysing  Minerals  (Kirwan’s  Min.  i.  487.) 

I Crell’s  Annalt,  1785,  i.  405.  t Mineralogy,  i.  494. 
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Prepare  pure  potass,  by  gradually  projecting  into  a .Chap.  III. 
large  crucible  heated  to  whiteness  a mixture  of  equal  Prepara- 
parts  of  purified  nitre  and  crystals  of  tartar;  when  the 
whole  is  injected,  let  it  it  be  kept  at  a white  heat  for 
half  an  hour,  to  burn  off  the  coal. 

Detach  the  alkali  thus  obtained  from  the  crucible, 
reduce  it  to  powder,  spread  it  on  a muffle,  and  expose 
it  to  a white  heat  for  half  an  hour. 

Dissolve  it  in  six  times  its  weight  of  water*  and  fil~ 
ter  the  solution  while  warm. 

Pour  this  solution  into  a glass  receiver,  placed  in  a 
sand  furnace  heated  to  170°  or  180°,  and  then  gradu- 
ally add  the  best  prussian  blue  in  powder,  injecting  new 
portions  according  as  the  former  become  grey,  and  sup- 
plying water  as  fast  as  it  evaporates;  continue  until  the 
added  portions  are  no  longer  discoloured,  then  increase 
the  heat  to  212,°,  and  continue  it  for  half  an  hour. 

Filter  the  ley  thus  obtained,  and  saturate  it  with  sul- 
phuric acid  moderately  diluted  ; a precipitate  will  ap- 
pear : when  this  ceases,  filter  off  the  whole,  and  wash 
the  precipitate. 

Evaporate  the  filtered  liquor  to  about  one  quartet, 
and  set  it  by  to  crystallize  : after  a few  days,  yellowish 
crystals  of  a cubic  or  quadrangular  form  will  be  found 
mixed  with  some  sulphat  of  potass  and  oxide  of  iron; 
pick  out  the  yellowish  crystals,  lay  them  on  blotting 
paper,  and  redissolve  them  in  four  times  their  weight 
of  cold  water,  to  exclude  the  sulphat  of  potass. 

Essay  a few  drops  of  this  solution  with  barytes  wa- 
ter, to  see  whether  it  contains  any  sulphuric  acid,  and 
add  some  barytes  Water  to  the  remainder  if  necessary  ; 
filter  off  the  solution  from  the  sulphat  of  barytes,  which 
will  have  precipitated,  and  set  it  by  to  crystallize  for  a 
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few  days  ; that  the  barytes,  if  any  should  remain,  rrtay 
be  precipitated.  If  the  crystals  now  obtained  be  of  a 
pale  yellow  colour,  and  discover  no  bluish  streaks  when 
sprinkled  over  with  muriatic  acid,  they  are  fit  for  use  ; 
but  if  they  still  discover  bluish  or  green  streaks,  the 
solutions  and  crystallizations  must  be  repeated. 

These  crystals  must  be  kept  in  a well-stopped  bottle, 
which  to  preserve  them  from  the  air  should  be  filled 
with  alcohol,  as  they  are  insoluble  in  it. 

Before  they  are  Used,  the  quantity  of  iron  they  con- 
tain should  be  ascertained,  by  heating  ioo  grains  to 
redness  for  half  an  hour  in  an  open  crucible  : the  prus- 
sic acid  will  be  consumed,  and  the  iron  will  remain  in 
the  state  of  a reddish  brown  magnetic  oxide,  which 
should  be  weighed  and  noted.  This  oxide  is  half  the 
weight  of  the  prussian  blue  afforded  by  the  prussian 
alkali : its  weight  must  therefore  be  subtracted  from 
that  of  metallic  precipitates  formed  by  this  test.  Hence 
the  weight  of  the  crystals,  in  a given  quantity  of  the 
solution,  should  be  noted,  that  the  quantity  employed 
in  precipitation  may  be  known.  Care  must  be  taken 
to  continue  the  calcination  till  the  oxide  of  iron  becomes 
brown  ; for  while  it  is  black  it  weighs  considerably 
more  than  it  should. 

Another  good  method  of  preparing  this  salt  has  been 
lately  given  by  Mr  Henry ; but  it  is  rather  too  expen- 
sive for  general  use.  It  consists  in  first  forming  a triple 
prussiat  of  barytes,  and  adding  it  in  crystals  to  a solution 
of  carbonat  of  potass  till  the  solution  no  longer  restores 
the  colour  of  reddened  litmus  paper.  After  digesting  the 
mixture  for  half  an  hour,  filter  the  liquid,  and  evaporate 
it  gently.  The  triple  prussiat  of  potass  crystallizes*. 


* Nicholson’s  Journal , iv.  31. 


PRUSSIAT^ 

The  triple  prussiat  of  potass,  when  pure,  forms  fine  Chap, 
transparent  crystals  of  a yellow  colour  ; they  have  the 
form  of  cubes  or  parallelopipeds,  and  contain,  when  pre- 
pared, according  to  Klaproth’s  method,  0.24  parts  of 
oxide  of  iron. 

Sp.  ix.  Prussiat  of  Soda-and-iron. 

t 

The  only  discernible  difference  between  this  salt  and 
the  last  is,  that  it  crystallizes  differently*. 

Sp.  1 2.  Prussiat  of  Ammonia- an d-ir on. 

This  triple  salt  has  also  been  employed  as  a test;  but 
it  is  not  so  easy  ^obtain  it  in  a state  of  purity  as  the 
other  two.  It  was  discovered  by  Macquer,  and  first 
recommended  by  Meyer. 

It  forms  flat  hexangular  crystals,  soluble  in  water, 
and  deliquesces  in  the  air.  Heat  decomposes  it  like  th^ 
other  prussiatsf. 

Sp.  13.  Prussiat  of  Magnesia- and-ir on. 

This  triple  salt  was  first  examined  by  Hagen  in  17825 
but  since  that  time  scarcely  any  attention  has  been  paid 
to  it. 


* Berthollet. 

| Woulfe,  Jour,  de  Fbys.  xxxiv.  101. — If  we  believe  Van  Mens,  this 
fs  not  a triple  salt,  but  a prussiat  of  ammonia.  According  to  him,  am- 
monia is  incapable  of  forming  triple  salts  with  prussic  acid  asd  oxidsf. 
5ee  Jour,  de  Cbim.  iii.  a8o. 
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SECT.  II. 

OF  METALLINE  SALTS. 

I^he  action  of  the  acids  on  metallic  bodies,  and  the  sa- 
line compounds  formed  by  their  combination  with  them, 
were  some  of  the  first  objects  to  which  the  earlier  che- 
mists directed  their  attention.  The  facility  with  which 
several  of  these  compounds  change  their  state  ; the  ac- 
tivity and  corrosive  nature  of  many  of  them,  owing  in 
a great  measure  to  that  facility;  the  permanency  of 
others  ; and  the  apparent  conversion  of  one  metallic 
salt  into  another — were  so  many  anomalies  which  re- 
mained long  inexplicable : But  they  were  of  too  inter- 
esting a nature  not  to  excite  attention  ; and  to  the  suc- 
cessive researches  of  chemists  into  the  properties  of  me- 
tallic salts  must  be  ascribed  a great  part  of  the  progress 
which  chemistry  has  made.  Many  apparent  anomalies 
have  been  happily  explained  by  the  successive  labours 
of  Bergman,  Scheele,  Bayen,  Lavoisier,  Proust,  &c.  ; 
but  there  still  remain  a sufficient  number  of  difficulties 
in  this  part  of  the  science  to  exercise  the  sagacity  of  the 
most  acute  philosophers,  and  discoveries  to  be  made  in 
it  which  will  fully  compensate  the  most  laborious  in- 
vestigation. 

Number  of  As  there  are  23  metallic  bases  from  which  these  bor 
salts.  dies  derive  their  characteristic  properties,  this  class  of 

salts  may  be  divided  into  23  genera.  Since  there  ai;e 
3 1 acids  witli  which  each  base  has  to  combine,  it  would 
eeem  at  first  sight  that  the  number  of  species  belong- 
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ing  to  each  germs  ought  to  amount  to  31,  which  would 
make  the  metallic  salts  in  all  713.  But  it  is  not  the 
metals  which  combine  with  acids,  it  is  their  oxides,  or 
the  compounds  which  they  form  with  oxygen:  the 
metals  themselves,  as  far  as  is  known  at  present,  are 
not  capable  of  combining  with  any  acid.  Now  as  most 
metals  form  more  than  one  oxide,  and  as  each  of  the 
oxides  of  a metal  is  often  capable  of  combining  with 
acids,  it  is  evident  that  the  number  of  metallic  salts 
must  greatly  exceed  713.  Thus  iron  being  capable  of 
forming  two  oxides,  the  species  of  salts  of  iron,  instead 
of  31,  must  amount  to  62,  provided  each  of  these  ox- 
ides be  capable  of  combining  with  all  acids  : the  contra- 
ry of  which  has  not  been  proved. 

It  has  been  shown  formerly  that  the  difference  be- 
tween the  oxides  of  the  same  metal  consists  in  the  pro- 
portion of  oxygen  which  they  contain.  Now,  in  gene- 
ral, all  oxides  which  do  not  contain  a maximum  of  oxy- 
gen have  a tendency  to  absorb  that  principle,  whenever 
it  is  presented  to  them,  till  they  are  completely  satura- 
ted. This  tendency  displays  itself  with  most  energy 
when  the  oxides  are  combined  with  acids  and  in  a state 
of  solution  j consequently  all  those  metallic  salts,  whose 
bases  do  not  contain  a maximum  of  oxygen,  are  liable  Varies, 
to  absorb  that  principle,  and  by  that  means  to  change 
into  a different  salt.  Thus  green  vitriol  is  a salt  com- 
posed of  sulphuric  acid  and  black  oxide  of  iron.  When 
dissolved  in  water  and  exposed  to  the  air,  it  very  soon 
absorbs  oxygen,  the  black  oxide  is  changed  into  the  red, 
and  thus  a new  salt  is  formed  composed  of  sulphuric 
acid  and  red  oxide  of  iron.  This  is  a change  exactly 
the  reverse  of  what  happens  to  those  earthy  and  alka- 
line salt3,  which  contain  an  acid  with  a minimum  p£ 
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oxygen;  as  the  sulphites  and  phosphites.  They  also 
absoib  oxygen  indeed,  and  are  converted  into  other 
salts ; but  the  oxygen  combines  with  the  acid,  whereas 
in  the  metallic  salt  it  combines  with  the  base.  These 
different  earthy  and  alkaline  salts  have  been  very  hap- 
pily distinguished  Jby  different  terminations.  Thus  the 
sulpha  of  potass  contains  the  acid  of  sulphur  with  a 
mmimum  of  oxygen  ; the  sulpha  of  potass  contains 

6 acid  of  sulPhur  with  a maximum  of  oxygen.  No 
attempt  has  hitherto  been  made  to  distinguish  the  diffe- 
rent metallic  salts  of  the  same  base  with  di^erent  doses 
of  oxygen  by  any  similar  plan  ; yet  such  a distinction 
is  absolutely  necessary,  if  we  wish  to  speak  intelligibly 
about  these  salts.  It  is  true  the  distinction  is  not  so 
easily  made  m this  case  as  in  the  other,  on  account  of 
the  indefinite  number  of  oxides  belonging  to  some  of 
the  metals  ; but  this  very  number  makes  some  distinc- 
tion still  more  necessary. 

It  is  only  of  late  that  chemists  began  to  attend  to  the 
different  salts  which  the  same  metallic  base  combined 
with  different  portions  of  oxygen  is  capable  of  forming 
with  the  same  acid.  Bergman,  indeed,  and  Scheele, 
had  given  some  striking  instances:  but  Proust  has  since’ 
carried  the  subject  much  farther.  It  is  to  the  newness 
*>f  this  branch  of  the  science  that  we  must  ascribe  the 
want  of  a nomenclature  for  the  metallic  salts.  The 
French  chemists  seem  to  have  beeij,  nearly  strangers  to 
it  when  they  formed  their  chemical  nomenclature  in 
1787-  And  even  at  present  the  subject  is  too  imper- 
fectly known  to  admit  of  a regular  treatise  : but  I shall 
m this  Section  give  a very  full  view  of  all  the  facts 
which  have  been  discovered. 

I do  not  recollect  at  present  any  instance  of  more 
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than  two  metallic  salts  with  one  acid  and  base,  differing 
merely  in  the  proportion  of  oxygen,  if  we  except  the 
prassiats.  It  will  be  sufficient,  then,  for  the  present, 
to  generalize  a mode  of  naming  metallic  salts  which  ha£ 
been  adopted  in  one  class,  1 mean  the  metallic  muriats. 
In  these  salts  the  compound,  consisting  of  muriatic  acid 
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and  a metal  with  a minimum  of  oxygen,  is  called  a mu-  Nomencla- 
rlat\  the  compound  of  the  acid  and  the  same  metal, 
with  a maximum  of  oxygen,  is  called  an  oxymuriat . 

This  mode  of  naming  will  apply  very  well  to  all  those 
genera  in  which  the  metal  is  only  capable  of  forming 
two  oxides,  and  likewise  to.  all  those  whose  oxides  are 
only  capable  of  forming  two  salts  with  the  same  acid. 

Thus  we  may  call  the  compound  of  sulphuric  acid  and 
black  ox;de  of  iron  sulphat  of  iron  ; and  the  compound 
of  the  same  acid  and  red  pxide  of  iron,  oxysulpbat , or 
oxygenized  sulphat  of  irop.  In  the  present  state  of  the 
science,  I shall  satisfy  myself  -with  arranging  these  dif- 
ferent bodies  as  varieties  of  the  same  species. 

We  have,  then,  23  genera  of  metallic  salts,  31  spe>  Arrange 
ties  belonging  to  each,  and  many  of  these  species  conT  mQ,u' 
taining  several  varieties.  We  have  likewise  a very  con- 
siderable number  of  triple  salts,  consisting  of  combina- 
tions of  earthy  or  alkaline  with  the  metallic  salts.  AJJ 
these  must  swell  the  number  of  metallic  salts  to  a very 
considerable  amount.  But  we  are  very  far  from  being 
fully  acquainted  with  all  these  bodies ; many  of  them 
are  still  unknown,  and  many  have  been  merely  pointed 
out  w'ithout  being  described.  It  is  even  exceedingly 
probable  that  not  a few  of  those  combinations,  which 
may  be  stated  theoretically,  cannot  be  formed  at  all. 

For  as  the  oxides  containing  a minimum  of  oxygen  haw 
a Strong  affinity  for  tlrat  principle,  it  is  clear  that,  in*' 
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jjwSkn1!!.  steaJ  °*  combining  with  those  acids  which  part  with 
'*  their  oxygen  easily,  they  will  decompose  them  altoge- 
ther. This  point  can  only  be  decided  by  experiment, 
as  we  have  no  other  method  of  deciding  the  affinities 
which  different  bodies  exert  upon  one  another.  Even 
in  the  present  imperfect  state  of  our  knowledge,  the 
number  of  species  belonging  to  many  of  the  genera  is 
very  considerable.  To  prevent  the  confusion  which 
this  is  apt  to  produce,  1 shall  subdivide  the  salts  of  every 
genus  as  far  as  possible  into  five  heads.  The  first  head 
will  consist  of  the  salts  whose  acids  are  supporters  of 
combustion,  excluding  the  metallic  acids.  Most  of 
these  salts  have  the  property  of  detonating  with  phos- 
phorus when  struck  smartly  upon  an  anvil.  They  may 
therefore  be  distinguished  by  the  epithet  detonating.  It 
is  proper  to  describe  them  first,  because  they  are  often 
employed  in  the  formation  of  the  others.  The  second 
head  will  comprehend  all  the  salts  whose  acids  are  pro- 
ducts of  combustion,  or  undecompounded.  They  are 
all  incapable  of  combustion,  and  may  therefore  be  dis- 
tinguished by  the  epithet  incombustible.  The  third 
head  will  consist  of  the  salts  whose  acids  are  combus- 
tible*. They  may  be  distinguished  by  the  term  combus- 
tible ; not  that  they  are  all  strictly  capable  of  combus- 
tion, but  because  when  distilled  they  all  yield  combws- 
tide  products.  I he  fourth  head  will  consist  of  salts 
whose  acids  are  metallic.  They  are  all  insoluble  in 
water,  and  most  of  them  are  found  native.  The  fifth 
head  will  comprehend  the  triple  salts,  or  those  metallic 


* Excluding  the  sulphites  and  phosphites,  which  are  better  placed  ut;- 
uer  th-j  first  head. 
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salts  which  contain  not  only  an  acid  and  metallic  ox-  Chap,  til. 
ide,  but  likewise  an  alkali  or  earth.  Thus  the  salts 
of  every  genus  are  subdivided  into  five  parts  5 name- 
ly, I.  Detonating.  II.  Incombustible.  III.  Combus- 
tible. IV.  Metallic.  V.  Triple.  But  this  division 
will  be  attended  to  only  in  the  genera,  which  have  been 
pretty  fully  investigated. 

Genus  I.  Salts  of  Gold. 

Though  gold  was  tortured  with  the  most  perseve- 
ring industry  by  the  alchymists  and  metallurgists,  and 
has  been  an  interesting  object  of  examination  to  che- 
mists in  every  period  of  the  science,  there  is  no  genus 
of  salts  w'ith  wrhich  we  are  at  present  so  little  acquaint- 
ed as  those  which  have  for  their  basis  the  oxides  of  that 
metal.  This  is  not  owing  to  the  expence  necessarily 
attending  such  investigations,  but  to  the  peculiar  pro- 
perties of  gold  itself.  As  that  metal  is  not  acted  on  by 
any  of  the  acids  except  the  nitric,  oxy-muriatic,  and 
nitromuriatic,  none  of  the  salts  of  gold  can  be  formed 
directly,  except  the  nitrat  and  muriat : all  the  rest  must 
be  composed  by  precipitating  the  oxide  of  gold  from  its 
solution  in  nitro-muriatic  acid,  and  afterwards  dissolving 
it  in  the  other  acids.  But  this  method  was  not  thought 
of  till  the  nature  of  the  oxides  of  gold  was  known  ; and 
since  that  point  w'as  ascertained,  no  chemist  has  con- 
sidered these  salts  as  worth  investigating.  It  is  true, 
indeed,  that  they  do  not  hold  out  those  brilliant  disco- 
veries which  attract  adventurers  to  other  parts  of  the 
science  : yet  it  must  be  admitted  that  an  accurate  exa- 
mination of  the  metallic  salts  requires  as  much  address, 
ingenuity,  and  sagacity,  and  would  contribute  as  much 
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Division  II,  f0  ^ie  advancement  of  the  science,  as  any  other  invest!- 

**  * £atI0n  whatever.  It  would  throw  a new  light  on  mi- 

nerslogy,  and  even  on  geology ; it  would  enable  us  to 
deveiope  with  more  precision  the  nature  of  affinity  than 
has  hitherto  been  done  ; and  it  would  serve  also  as  a 
touchstone  to  try  the  truth  of  certain  chemical  theories 
which  are  at  present  in  vogue. 

There  arg  two  oxides  of  gold  known,  the  purple  and 
the  yellow  ; but  as  far  as  is  known  at  present,  the  first 
<af  these  does  not  combine  with  acids  at  ail.  Conse- 
quently all  the  salts  of  gold  are,  strictly  speaking,  oxyge - 
nixed;  that  is,  composed  of  gold  combined  with  a max- 
imum of  oxygen.  We  are  only  acquainted  at  present 
with  two  species  of  these  salts,  namely,  the  muriat  and 

the  mtrat.  Hence  it  is  unnecessary  to  subdivide  the 
genus. 

The  salts  of  gold  may  be  ascertained  by  the  following 
properties  : 

Characters.  i.  They  are  soluble  in  water,  and  the  solution  has  a 
yellow  colour. 

2.  Triple  prussiat  of  potass  occasions  a white  or  yel- 
lowish-white  precipitate  when  poured  into  these  solu- 
tions. 

3-  Gallic  acid  or  the  infusion  of  nutgalls  gives  these 
solutions  a green  colour,  and  a brown  powder  is  preci- 
pitated, which  is  gold  reduced. 

4*  A P^te  of  tin  or  muriat  of  tin  occasions  the  preci- 
pitation of  a purple-coloured  powder. 

5.  Sulphat  of  iron  precipitates  the  gold  in  the  metal- 
lic state.  Sulphurous  acid  produces  the  same  effect. 

Sfi.  1 . Muriat  cf  Gold. 

Tins  salt,  which  was  well  known  tp  the  alchymistSj, 
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and  much  valued  by  them,  may  be  formed  by  dissol- 
ving  gold  in  a mixture  composed  of  equal  parts  of  ni- 
tric and  muriatic  acids.  The  metal  is  attacked  instant-  Fonnstinn. 
ly,  and  dissolves  with  a strong  effervescence  occasioned 
by  the  emission  of  nitrous  gas.  The  liquid,  when  sa- 
turated, which  is  known  by  its  refusing  to  dissolve 
more  gold,  forms  a solution  of  a deep  yellow  colour,  ex- 
ceedingly caustic,  and  of  a very  astringent  metallic  taste. 

It  tinges  the  skin  indelibly  of  a deep  purple  colour,  and 
produces  the  same  effect  upon  almost  all  animal  and  ve- 
getable bodies,  and  even  upon  marble.  The  colour  is 
-owing  to  the  partial  reduction  of  the  yellow  oxide  of 
gold,  and  its  permanency  to  the  strong  affinity  between 
metallic  oxides  and  the  epidermis. 

When  this  solution,  which  consists  chiefly  of  muriat 
of  gold,  is  evaporated,  nitric  acid  is  disengaged,  and  the 
muriat  is  obtaiued  in  small  crystals  of  a fine  yellow  co- 
lour, having  the  form  of  four-sided  prisms  or  truncated 
octahedrons.  They  are  obtained  more  readily  if  the  so- 
lution be  evaporated  to  half  its  bulk,  and  a little  alco- 
hol be  afterwards  added  to  it. 

This  salt  is  very  soluble  in  water.  When  exposed  Tr&pcrC^ 
to  the  air,  it  soon  attracts  moisture,  and  runs  into  a li- 
quid. In  a very  strong  light  it  acquires  a red  colour  ; 
in  consequence,  as  is  supposed,  of  the  partial  reduction 
of  its  oxide*.  When  its  solution  is  heated  gradually 
in  a retort,  there  passes  over  muriatic  acid  ; and  muriat 
of  gold  is  also  carried  along  with  it  undecomposed  f. 


* A proof  that  both  the  oxides  of  gold  are  capable  of  combining  with 
acids,  though  all  those  formed  with  the  purple  oxide  are  unknown, 
f To  the  liquid  obtained  by  distilling  over  the  solution  of  gold  in  ni- 
o-  muriatic  acid,  the  alchymists  gave  the  name  of  Ice  rutem,  “ red  lion.” 
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This  salt  is  soluble  in  ether.  The  solution  has  a yel- 
low colour  ; and  the  gold  is  gradually  reduced  to  thfc 
metallic  state,  doubtless  by  the  action  of  the  ether  on 
it.  Ether  seems  to  dissolve  muriat  of  gold  more  rea- 
dily than  water  ; for  when  liquid  muriat  of  gold  is  agU 

tated  with  ether,  the  whole  salt  passes  from  the  water 
to  the  ether. 

It  is  decomposed  by  all  the  alkalies  and  earths  hither- 
to tried,  the  yellow  oxide  of  gold  being  separated.  But 
ammonia  redissolves  this  oxide,  and  so  do  the  fixed  al- 
kalies if  added  in  sufficient  quantity,  forming  probably 
tiiple  salts,  which  have  not  been  examined. 

It  is  decomposed  also  while  liquid  by  hydrogen  gas, 
phosphorus,  and  sulphurous  acid  ; and  the  gold  is  pre- 
cipitated in  the  metallic  state,  being  deprived  of  its  oxy- 
gen by  these  combustible  bodies:  but  when  dry  this  de- 
composition does  not  happen.  For  these  very  interest- 
ing facts  we  are  indebted  to  the  ingenious  Mrs  Fulhame. 
She  found,  that  when  a piece  of  silk,  dipt  in  a solution 
of  gold  in  nitro-muriatic  acid,  is  exposed  to  hydrogen 
gas  while  moist,  the  gold  is  instantly  reduced  ; but  if 
the  silk  be  dried  previously,  the  reduction  does  not 
take  place.  The  same  reduction  takes  place  when  the 
silk  is  dipt  into  phosphureted  ether.  If  a bit  of  silk, 
moistened  with  phosphureted  ether,  be  dipt  into  the  ni- 
tro-muriatic solution,  its  surface  is  immediately  gilt 
with  a fine  coat  of  gold,  which  adheres  very  strongly. 

Mrs  Fulhame  ascertained,  that  this  reduction  of  the 
gold  does  not  happen  in  any  case  unless  the  salt  be  mois- 
tened with  water:  when  perfectly  dry,  it  is  not  altered. 
This  is  not  peculiar  to  the  action  of  combustibles  on 
metallic  salts:  it  holds  also,  as  we  shall  see  afterwards, 
with  respect  to  the  metals.  But  it  is  by  no  means  easy 
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t<J  see  what  makes  water  so  indispensably  necessary.  It  ^ 

is  not,  as  is  commonly  supposed,  in  order  to  secure  the 
fluidity  of  the  mixture : for  Mrs  Fulhame  has  shewn 
that  ether,  though  a liquid,  has  no  effect  in  reducing 
gold  unless  water  be  present.  She  accounts  very  inge- 
niously for  the  phenomena,  by  supposing  that  the  wa- 
ter is  decomposed.  The  combustible  combines  with  its 
oxygen-,  while  its  hydrogen  combines  with  the  oxygen 
of  the  gold,  and  reproduces  water.  This  theory  accounts 
very  well  for  the  phenomena;  but  it  would  require  some 
direct  proof  to  establish  it  completely. 

The  greater  number  of  the  metals,  when  plunged  In-  Predpits- 

° . . . . ted  by  me- 

to  the  solution  of  muriat  of  gold,  occasion  a precipitate  ' 

either  of  gold  in  the  metallic  state,  or  of  its  purple  ox- 
ide ; while  at 'the  same  time  a portion  of  the  precipi- 
tating metal  is  oxidized  and  dissolved  by  the  acid.  Zinc, 
iron,  bismuth,  copper,  mercury,  precipitate  it  in  the  me- 
tallic state.  Lead,  silver,  and  tin,  precipitate  it  ha  the 
state  of  purple  oxide.  The  sulphat  of  iron  precipitates 
it  in  the  metallic  state,  and  is  at  the  same  time  convert- 
ed into  oxy- sulphat  by  the  oxygen  which  it  has  ab- 
sorbed: whereas  the  oxy-sulphat  of  iron  produces  no  ef- 
fect at  all.  The  same  thing  happens  with  tin.  The  muriat 
of  that  metal  precipitates  the  gold  in  the  state  of  purple 
oxide,  combined  with  oxide  of  tin  ; a precipitate  well 
known  by  the  name  of  precipitate  of  Cassius,  and  used 
to  give  a red  colour  to  porcelain  and  glass : But  the 
oxymuriat  of  tin,  which  is  already  at  a maximum  of 
oxygen,  produces  no  such  effect;  because  it  does  notab- 
sorb  oxygen  from  the  gold. 

These  precipitations  have  been  long  known  to  che- 
mists ; but  a satisfactory  explanation  of  them  was  till 
lately  considered  as  hopeless ; and  even  at  present,  not- 
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D?v°isioan.  ^lt}lstanclin&  progress  which  the  science  has  made, 
— » there  are  several  particulars  attending  them  which  are 
not  fully  understood.  Bergman  first  threw  light  upon 
the  subject,  by  shewing  that  the.  precipitating  metal  ab- 
sorbed oxygen  from  the  other  Berthollet  has  since 
rendered  it  probable  that,  in  most  cases,  when  the  pre- 
cipitate is  in  the  metallic  state,  it  is  combined  with  a 
portion  of  the  precipitating  metal,  and  therefore  in  the 
state  of  an  alloy ; *tmd  that  when  precipitated  in  the 
State  of  an  oxide,  it  retains  a portion  of  the  acid  with 
• which  it  was  combined,  and  is  therefore  in  the  state  of 
a sub-salt  f.  But  the  full  discussion  of  this  subject  be- 
longs to  the  succeeding  Book.  Even  the  theory  of  that 
acute  philosopher  will  not  account  for  every  thing. 
The  precipitation  does  not  succeed  equally  well  in  all 
circumstances.  Evfcry  person  must  have  observed'-,  that 
in  many  cases,  when  the  liquid  is  very  much  concen- 
trated, a plate  of  metal  produces  no  change  in  several 
hours  ; but  the  moment  it  is  diluted,  the  dissolved  metal 
precipitated  in  abundance. 

Sp.  2.  Nit  fat  of  Gold. 

Brandt  first  observed,  that  nitrous  acid  has  the  pro- 
perty of  dissolving  gold,  especially  when  assisted  by 
heat ; and  this  observation  has  been  confirmed  by  the 
subsequent  experiments  of  several  other  philosophers. 
Fourcroy  has  ascertained,  that  this  effect  is  produced 
only  when  the  acid  contains  a large  portion  of  nitric 


* See  his  Dissertation,  De  Preciplt.itls  Mctallicis.  Opusc.  ii.  349.  His 
explanation,  when  translated  into  the  modern  language,  is,  in  effect,  thas. 
given  above. 

| Ann.  de  Cb'rn.  xxxvii,  aai. 
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oxide,  and  when  the  gold  is  very  much  divided,  as  in 
the  state  of  gold  leaf.  The  solution  has  an  orange  co- 
lour, and  always  retains  an  excess  of  acid.  It  cannot 
be  evaporated  to  dryness  without  decomposition,  as  the 
nitrat  of  gold  which  it  contains  is  decomposed  by  light 
and  by  heat.  This  salt  is  decomposed  by  muriatic 
acid  *. 

Genus  II.  Salts  of  Platinum. 

As  platinum  agrees  with  gold  in  its  power  of  resist- 
ing all  the  acids  except  the  oxy-muriatic  and  nitro-mu- 
riatic,  the  s ime  obstacles  lie  in  the  way  of  an  examina- 
tion of  the  salts  of  platinum  which  have  prevented  us 
from  getting  acquainted  with  the  last  genus.  Indeed 
the  scarcity  of  this  metal,  and  the  great  difficulty  of  pro- 
curing it  in  a state  of  purity,  render  it  still  less  easy  to 
examine  the  salts  which  it  forms.  We  need  not  be  sur- 
prised, therefore,  that  this  genus  is  scarcely  farther  ad- 
vanced than  the  last. 

r 

Mr  Chenevix,  in  his  admirable  dissertation  on  Palla- 
dium, not  yet  published,  has  ascertained,  that  platinum 
is  capable  of  combining  with  two  doses  of  oxygen,  and 
of  forming  two  oxides. 

Oxygen. 

1.  The  protoxide  which  is  green  and  contains  0.07 

2.  The  peroxide,  ....  yellow 0.13 

Both  of  these  oxides  he  has  shewn  to  be  capable  of  com- 
bining with  acids  ; but  those  salts  of  platinum  only 
Lave  been  examined  which  contain  the  peroxide.  They 
are  in  fact  oxygenized. 


* Fourcroy,  vi.  397. 
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Characters. 


The  salts  of  platinum  may  be  distinguished  by  the  fol- 
lowing properties. 

1.  Their  solution  in  water  has  a brown  or  yellowish- 
brown  colour. 

2.  Triple  prussiat  of  potass  occasions  no  precipitate 
in  these  solutions  •,  but  prussiat  of  mercury  throws  down 
an  orange-coloured  precipitate  *. 

3.  Neither  is  any  precipitate  produced  by  gallic  acid 
or  the  infusion  of  nutgalls. 

4.  Potass  and  ammonia  occasion  the  precipitation  of 
small  red- coloured  crystals. 

5.  Sulphureted  hydrogen  precipitates  the  platinum  in 
the  metallic  state. 

6.  Muriat  of  tin  gives  the  solutions  of  the  salts  of 
platinum  a bright  red  colour  f . 

Sj>.  I.  Nitrat  of  Platinum. 

Nitric  acid,  as  far  as  is  known,  is  not  capable  of 
dissolving  platinum,  not  even  when  combined  with  ni- 
trous gas  ; but  the  peroxide  of  platinum  dissolves  rea- 
dily in  this  acid,  and  forms  with  it  a nitrat,  the  proper- 
ties of  which  have  not  been  examined. 

When  this  solution  is  evaporated  to  dryness,  there  re- 
mains a subnitrat  of  platinum  easily  decomposed  by 
heat.  From  the  experiments  of  Mr  Chenevix,  we  learn 
that  this  subnitrat  is  composed  of 

89  peroxide  of  platinum 
1 1 nitric  acid  and  water 


too  X 


• Chenevix  on  Palladium , p.  27. 


f Ibid. 


\ Ibid. 
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Sp.  2.  Muriat  of  Platinum . Chap.  in. 

This  salt  maybe  formed  by  dissolving  platinum  in  Formation 
oxy-muriatic  acid ; but  it  is  more  easily  obtained  by 
means  of  nitro- muriatic  acid.  Sixteen  parts  of  a mix- 
ture, composed  of  one  part  of  nitric  and  three  parts  of 
muriatic  acids,  when  boiled  upon  platinum  previously 
reduced  to  powder,  gradually  dissolve  it  with  a violent 
effervescence,  during  which  hyperoxymuriatic  acid  gas  is 
disengaged,  as  Mr  Chenevix  has  ascertained.  This  so- 
lution assumes  at  first  a yellow  colour,  which  gradually 
deepens  as  the  platinum  dissolves  $ and  when  the  solu- 
tion is  finished,  it  is  of  a very  deep  red  or  brftwn.  It  is 
exceedingly  acrid  and  caustic,  and  tinges  the  skin  inde- 
libly of  a dark  brown  colour  When  it  is  sufficiently 
concentrated  by  evaporation,  very  small  irregular  crys- 
tals of  muriat  of  platinum  are  deposited  of  a reddish 
brown  colour  : when  properly  edulcorated  and  dried* 
they  are  less  soluble  in  water  than  sulphat  of  lime  *. 

This  salt  has  a disagreeably  astringent  metallic  taste. 

Heat  decomposes  it  by  driving  off  the  acid.  The 
earths,  as  far  as  they  have  been  tried  f,  decompose 
the  solution  of  this  salt  by  precipitating  its  oxide  ; and 
the  same  effect,  as  Bergman  first  demonstrated,  is  pro- 
duced by  a sufficient  quantity  of  soda  X-  But  the  other 
two  alkalies  combine  with  the  muriat  of  platinum,  and 
form  triple  salts. 


* Bergman,  ii.  167. 

f Mr  Chenevix  found  that  lime  precipitates  only  a portion  of  th<so 
ide,  and  not  the  whole, 
j Bergman,  p.  172- 
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When  the  solution  of  this  salt  is  evaporated  to  dry- 
ness, the  insoluble  muriat  which  remains  is  composed  of 
70  peroxide  of  platinum 
30  acid  and  water 

100  * 

Sp.  3.  Sulphat  of  Platinum . 

Though  sulphuric  acid  has  no  action  on  platinum, 
it  dissolves  its  oxide  ; but  the  properties  of  the  salt  form- 
ed have  not  been  examined. 

Mr  Chenevix  has  ascertained,  that  this  acid  separates 
the  peroxide  of  platinum  from  every  other.  The  inso- 
luble sulphat  formed  by  evaporating  to  dryness  a solu- 
tion of  muriat  of  platinum,  decomposed  by  sulphuric  a- 
cid,  is  composed  of  54.5  peroxide 

45.5  acid  and  water 


100.0  f 

Sp.  4.  Benzoat  of  Platinum. 

Only  a small  proportion  of  the  oxide  of  platinum  is 
dissolved  by  benzoic  acid.  The  liquid,  by  evaporation, 
yields  yellow  crystals  of  benzoatof  platinum,  which  are 
not  altered  by  exposure  to  the  air,  are  difficultly  soluble 
in  water,  and  not  at  all  in  alcohol.  When  exposed  to 
the  action  of  heat,  the  acid  is  driven  off,  and  the  oxide 
left  behind  $. 


* Chenevix  on  Palladium,  p.  27. 
t Trommsdorf,  Ann.  de  Cbim.  xi.  315. 
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Sp.  $.  Oxalat  of  Platinum.  ,chaP-  n_^ 

Platinum  is  not  acted  on  by  any  acid  except  the 
oxy-muriatic  and  nitro-muriatic ; but  its  oxide  is  solu- 
ble in  oxalic  acid,  and  yields  by  evaporation  yellow  crys- 
tals of  oxalat  of  platinum,  the  properties  of  which  have 
not  been  examined  *. 

. Sp.  6.  Prussiat  of  Platinum. 

.Scheele  ascertained  that  prussic  acid  has  no  action 
either  on  platinum  or  its  oxide  *,  neither  is  any  precipi- 
tate occasioned  by  pouring  the  prussiats  into  a solution 
of  platinum  in  nitro-muriatic  acid.  Consequently  either 
these  two  bodies  are  incapable  of  combining,  or  the 
prussiat  of  platinum  is  very  soluble  in  water  -f. 

Sp.  7.  Muriat  of  Platinum-and-potass. 

When  potass  is  added  to  the  solution  of  platinum  in 
nitro-muriatic  acid,  small  heavy  crystals,  of  a red  co- 
lour and  octahedral  form,  are  deposited,  composed  of 
muriatic  acid,  oxide  of  platinum,  and  potass.  The  same 
triple  salt  is  obtained  if,  instead  of  potass,  the  sulphat, 
nitrat,  muriat,  or  acetat  of  that  alkali  be  employed.  It 
is  sometimes  obtained  also  in  the  form  of  a yellow  pow- 
der. It  is  soluble  in  water,  and  decomposed  with  diffi- 
culty by  soda 

Sp.  8.  Muriat  of  Platinum-and-ammonia. 

For  the  discovery  of  the  nature  of  this  salt  we  are 
likewise  indebted  to  Bergman.  When  ammonia  is  add- 


Ll3 


• Bergman,  i.  266. 
\ Bergman,  ii.  *68. 


f Scheele,  ii.  179 
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ed  fco  the  solution  of  platinum  in  nitro-muriatic  acid, 
small  crystalline  grains  are  deposited,  which  have  an 
octahedral  form,  a red  or  yellow  colour,  and  are  soluble 
in  water.  These  crystals  are  composed  of  muriatic  acid, 
oxide  of  platinum,  anl  ammonia.  They  are  obtained 
equally,  though  not  in  such  abundance,  if  sulphat,  ni- 
-trat,  or  muriat  of  ammonia,  be  employed  instead  of  the 
pure  alkali  or  its  carbonat.  Soda  dissolves  them  ; and 
when  the  solution  is  evaporated  to  dryness,  the  ammo- 
nia is  volatilized,  and  the  oxide  of  platinum  separated  *. 
When  this  or  the  preceding  salt  is  exposed  to  a strong 
heat,  the  platinum  is  reduced.  This  is  the  usual  method 
of  purifying  platinum. 

Sp.  9.  and  10.  triple  Nitrals  of  Platinum. 

Bergman  has  ascertained  that  potass  and  ammonia, 
or  their  saline  compounds,  produce  the  same  effect  up- 
on the  solution  of  nitrat  of  platinum  that  they  do  on 
the  muriat ; that  is  to  say,  they  occasion  a precipitate  in 
crystals,  constituting  a triple  salt ; composed,  in  the 
first  case,  of  nitric  acid,  oxide  of  platinum  and  potass ; 
and  in  the  second,  of  the  same  acid  and  oxide,  combined 
with  ammonia  f. 

• \ 

Sp.  11.  and  12.  Triple  Sulphats  of  Platinum. 

Berg  man  has  proved,  that  when  potass,  or  ammonia, 
or  their  compounds,  are  dropt  into  the  solution  of  sul- 
phat of  platinum,  a triple  salt  is  also  precipitated  ; com- 
posed, in  the  first  case,  of  sulphuric  acid,  oxide  of  plati- 
num, and  potass;  and  in  the  second,  of  the  same  bodies 


f Bergman,  ii.  174,  -f-  Ibid  ii.  17 j. 
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combined  with  ammonia  *.  It  appears,  then,  that  the 
oxide  of  platinum,  with  what  acid  soever  it  be  united, 
has  the  property  of  combining  with  potass  and  ammo- 
nia, and  of  forming  with  them  triple  salts.  In  this  re- 
spect the  oxide  of  platinum  agrees  with  the  yellow  oxide 
of  tungsten  *,  and  it  is  not  probable  that  the  property  is 
confined  to  these  two  metallic  bodies. 


Genus  III.  Salts  of  Silver. 

Several  of  the  acids  are  capable  of  oxidizing  silver  ; 
but  it  resists  the  action  of  the  greater  number.  The 
nitric  dissolves  it  with  great  facility  ; hence  it  is  the  ni- 
trat  of  silver  with  which  we  are  best  acquainted.  Most 
of  the  other  acids  form  with  it  compounds  scarcely  so- 
luble in  water.  All  the  salts  of  silver,  as  far  as  is 
known,  are  decomposed  by  the  alkalies  and  earths,  ex- 
cept the  muriat.  Vauquelin  has  ascertained  that  the 
alkalies  have  no  effect  upon  this  salt,  and  that  oxide  of 
silver  is  capable  of  decomposing  the  alkaline  muriats. 

The  salts  of  silver  may  be  easily  ascertained  by  the  fol- 
lowing properties  : 

1.  When  exposed  to  the  action  of  the  blow-pipe  upon 
charcoal,  they  are  reduced,  and  a globule  of  silver  ob- 
tained. 

2.  The  prussiats,  when  dropt  into  a solution  of  a salt  Character 
of  silver,  occasion  a white  precipitate. 

3.  Hydrosulphuret  of  potass  occasions  a black  preci- 
pitate. 

4.  Muriatic  acid  or  the  alkaline  muriats  occasion  a 
white  heavy  fleaky  precipitate  resembling  curd. 


* Bergman,  ii.  174. 
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$.  Gallic  acid  and  the  infusion  of  nutgalls  occasion  a 
yellowish  brown  precipitate,  at  least  in  several  of  the  so- 
lutions  of  silver. 

. 6'  When  a Plate  of  copper  is  put  into  a solution  of 
silver,  that  last  metal  is  prceipitated  in  the  metallic  state, 
retaining,  however,  a little  of  the  copper  alloyed  with  it. 

. 7‘  The  solutlon  of  sulphat  of  iron  precipitates  the  silver 
in  the  metallic  state. 


I.  Detonating  Salts. 


Sp.  I,  Nit  rat  of  Silver. 

Nitric  acid  attacks  silver  with  considerable  vior 
lence,  and  diasolves  about  half  its  weight  of  it.  The 
effervescence  is  occasioned  by  the  disengagement  of  ni- 
trous gas.  The  acid  employed  must  be  pure  ; if  it  con- 
tains any  muriatic  acid,  as  is  always  the  case  with  the 
nitrous  acid  of  commerce,  a white  insoluble  muriat  of 
silver  falls  to  the  bottom  of  the  vessel.  If  the  silver 
contain  gold,  that  metal  is  also  precipitated  in  the  form 
pf  a black  or  very  deep  purple  powder. 

Properties.  The  solution  is  nearly  limpid,  exceedingly  heavy,  and 
astonishingly  caustic.  It  gives  the.  skin,  hair,  and  al- 
most all  animal  substances,  an  indelible  black  colour. 
Hence  it  is  often  used  to  dye  hair,  &c.  When  evapo- 
rated till  a pellicle  begins  to  form  on  its  surface,  it  de- 
posites,  on  cooling,  transparent  crystals  of  nitrat  of  sil- 
ver. These  crystals  are  brilliant  and  very  irregular; 
sometimes  assuming  the  form  of  six-sided,  sometimes 
pf  four-sided,  and  sometimes  of  three-sided,  thin  plates. 
'Iheir  taste  is  intensely  bitter  and  metallic. 

1 his  salt  is  very  soluble  in  water;  it  does  not  deli, 
guesce  in  the  air ; but  when  exposed  ^0  a strong  light. 
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it  becomes  brown,  and  the  silver  is  partly  reduced. 
When  heated,  it  readily  melts,  swells  up,  and  loses  its 
water  of  crystallization,  and  then  remains  liquid.  When 
allowed  to  cool,  it  forms  a grey-coloured  mass  crystalli- 
zed internally  in  needles.  In  that  state  it  is  cast  in 
moulds  by  apothecaries,  and  formed  into  small  cylin- 
ders, often  employed  by  surgeons  under  the  names  of 
lapis  infernalis  and  lunar  caustic , to  open  ulcers  and 
destroy  fungous  excrescences. 

When  this  salt  is  exposed  to  a red  heat,  as  when  it  Is 
put  upon  burning  coals,  it  detonates,  and  the  silver  re- 
mains pure,  attached  to  the  surface  of  the  coal.  The 
same  reduction  takes  place  when  the  salt  is  distilled  in 
a retort,  and  nitrous  gas,  oxygen  gas,  and  azotic  gas, 
are  disengaged. 

Mrs  Fulhame  has  shewn,  that  when  this  salt  is  dis- 
solved in'  water,  it  is  decomposed,  and  the  silver  reduced 
by  means  of  hydrogen  gas  and  phosphorus.  A bit  of 
silk  moistened  with  this  solution,  and  exposed  to  the 
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action  of  hydrogen  gas,  is  almost  immediately  covered 
with  a thin  layer  of  silver,  which  adheres  strongly.  The 
same  effect  is  produced  by  phosphorus  and  by  sulphu- 
rous acid  gas. 

This  salt,  both  in  crystals  and  after  being  melted,  has 


the  property  of  fulminating  violently  when  mixed  with 
phosphorus,  and  struck  smartly  with  a hammer.  This 
was  first  observed  by  Brugnatelli.  To  the  same  inge- 
nious chemist  we  are  indebted  for  the  two  following 
facts  : When  three  grains  of  sulphur  and  nine  grains 
of  nitrat  of  silver,  mixed  together,  are  struck  with  a 
cold  hammer,  the  sulphur  inflames,  but  no  detonation 
takes  place  ; whereas  if  the  hammer  be  hot,  the  mix- 
ture detonates,  and  the  silver  is  reduced.  If  charcoal 
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Divifion’u.  be  Su^stltuted  ior  sulphur,  only  a faint  detonation  b 
u"“"vr" — heard  though  the  hammer  be  hot  *. 

The  silver  is  precipitated  from  the  solution  of  this 
salt  in  water  in  a metallic  state  by  the  greater  number 
of  the  metals,  especially  by  mercury  and  copper,  which 
at  the  same  time  combine  with  it. 

This  salt  is  decomposed  by  all  the  alkalies  and  alka- 
hne  earths,  and  by  the  sulphuric,  sulphurous,  muriatic, 
Sfecomposi-  phosphoric,  and  fluoric  acids.  It  is  decomposed  also  by 
tioD*  the  following  salts  : 

1.  Sulphats,  5.  Fluats, 

2.  Sulphites,  6.  Borats, 

3.  Muriats,  7.  Carbonats. 

4.  Phosphats, 

I he  salt  which  has  been  thus  described  under  the 
name  of  nitrat  of  silver,  is  in  reality  an  oxy.  nitrat , like 
all  the  other  known  salts  of  silver  ; for  its  base  is  silver 
Sutrae.  combined  with  a maximum  of  oxygen.  Mr  Proust  has 
observed,  that  the  other  oxide  of  silver  is  capable  also  of 
combining  with  nitric  acid,  and  forming  a solution  con- 
taining what  ought  to  be  called  nitrat  of  silver  : But 
that  salt  cannot  be  obtained  in  a solid  form  ; because, 
whenever  the  solution  is  evaporated,  the  oxide  takes 
oxygen  from  the  acid  ; and  of  course  oxy-nitrat,  or 
v.hat  is  commonly  called  nitrat  of  silver , is  formed  ■f. 

Sp.  2.  Hyperoxymuriat  of  Silver. 

This  salt  was  discovered  by  Mr  Chenevix.  It  may 
oe  formed  by  boiling  phosphat  of  silver  in  hyperoxymu- 
riat of  alumina,  or  by  passing  a current  of  oxymuriatic 


9 de  Chim.  xsv’i.  72. 
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acid  through  water,  in  which  the  oxide  of  silver  is  sus-  Chap  ill. 
pended.  It  is  soluble  in  about  two  parts  of  warm  wa- 
ter •,  but  as  the  solution  cools,  it  crystallizes  in  small 
rhomboid^,  opaque  and  dull,  like  nitrat  of  lead  or  bary- 
tes. It  is  soluble  in  alcohol.  Muriatic  acid  decom- 
poses it,  as  does  nitric,  and  even  acetic  acid.  But  the 
hyperoxymuriatic  acid  is  decomposed,  and  muriat  of 
silver  remains  behind. 

When  this  salt  is  exposed  to  a moderate  heat,  it  melts, 
oxygen  is  given  out,  and  muriat  of  silver  remains  be- 
hind. When  mixed  with  half  its  weight  of  sulphur, 
and  struck  slightly,  it  detonates  with  prodigious  violence. 

The  flash  is  white  and  vivid,  and  accompanied  by  a sharp 
and  quick  noise,  and  the  silver  is  reduced  and  volati- 
lized *. 

II.  Incombustible  Salts. 

Sp.  3.  Muriat  of  Silver. 

Muriatic  acid  does  not  attack  silver,  even  when  as- 
sisted by  heat ; but  the  muriat  of  silver  is  easily  formed 
by  dropping  muriatic  acid,  or  any  of  its  combinations 
with  alkalies  or  earths,  into  the  solution  of  silver  in  ni- 
tric acid.  A white  flaky  precipitate  immediately  forms, 
which  is  muriat  of  silver,  or  bormilver  as  it  was  for- 
merly called. 

This  salt  is  one  of  the  most  insoluble  known : Ac-  Properties, 
cording  to  Monnet,  it  requires  no  less  than  3072  parts 
of  water  to  dissolve  it.  When  exposed  to  the  air,  it 


* Chenevix  On  the  Oxygenized  and  Hpycroxygenizcd  Muriatic  Acids, 
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cfvisfonn.  £ra^ua%  acquires  a black  colour,  owing  to  the  escaps 

* v of  part  of  its  acid,  and  the  consequent  reduction  of  part 

of  the  oxide  of  silver.  When  exposed  to  a very  gentle 
heat,  it  melts,  and  assumes,  on  cooling,  the  form  of  a 
grey- coloured  semitransparent  mass,  having  some  re- 
semblance to  horn,  and  for  that  reason  called  luna  cor - 
nea.  \\  hen  heated  strongly  in  an  earthen  crucible,  it 
passes  through  altogether,  and  is  lost  in  the  fire  ; but 
when  mixed  with  about  four  times  its  weight  of  fixed 
alkali,  formed  into  a ball  with  a little  water,  and  melt- 
ed rapidly  in  a crucible  well  lined  with  alkali,  the  sil- 
ver is  reduced,  and  obtained  in  a state  of  complete  pu- 
rity. Muriat  of  silver,  according  to  the  analysis  of 
Composi-  Proust,  is  composed  of  18  acid 

82  oxide  of  silver 

ioo# 

This  oxide  of  silver,  according  to  the  experiments  of 
the  same  acute  philosopher,  contains  8.5  per  cent,  of 
oxygen  j-. 

The  muriat  of  silver  is  soluble  in  ammonia.  The  al- 
kaline carbonats  decompose  it,  but  not'the  pure  alka- 
lies : neither  is  it  decomposed  by  any  of  the  acids.  Se- 
veral of  the  metals,  when  -fused  along  with  it,  separate 
the  silver  in  its  metallic  state  ; but  it  is  always  alloyed 


* With  this  the  analysis  of  Bergman  coincides  almost  exactly  (See 
Bergman,  ii.  391.),  and  those  of  Kirwan  very  nearly.  According  to 
him,  muriat  pf  silver,  dried  in  a heat  of  130"’,  is  composed  of 

16.54  acid 
83.46  oxide 

100.00 
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■with  a little  of  the  metal  employed.  Copper,  iron, 
lead,  tin,  zinc,  antimony,  and  bismuth,  have  been  used 

for  that  purpose. 

Muriat  of  silver  is  formed  also  when  silver  is  expo- 
sed to  the  action  of  oxy muriatic  acid. 

Sp.  4.  Sulphat  of  Silver. 

Sulphuric  acid  does  not  act  on  silver  while  cold; 
but  when  boiled  upon  that  metal  in  the  state  of  powder, 
an  effervescence  is  produced,  occasioned  by  the  escape 
of  sulphurous  acid  gas,  and  the  silver  is  reduced  to  a 
white  mass  soluble  in  diluted  sulphuric  acid.  This  so- 
lution is  limpid  and  colourless,  and  yields  on  evapora- 
tion crystals  of  sulphat  of  silver.  These  crystals  aie 
white  and  brilliant,  and  have  the  form  of  very  fine 
prisms. 

This  salt  is  but  very  sparingly  soluble  in  water Propem’ts. 
hence  the  reason  that  it  is  generally  precipitated  in 
the  state  of  a white  powder  when  sulphuric  acid  is 
dropt  into  a solution  containing  silver.  It  is  soluble  in 
nitric  acid  without  decomposition*.  When  heated,  it 
melts,  and  in  a dry  heat  is  decomposed ; the  silver  is 
reduced,  and  sulphurous  acid  and  oxygen  gas  are  dis- 
engaged.  When  exposed  to  the  light,  it  is  slowly  de- 
composed. It  is  decomposed  also  by  the  following  bo- 
dies : 

1.  Alkalies  and  alkaline  earths,  and  their  carbonats. 

2.  Muriats,  phosphats,  fluats. 

According  to  Bergman f,  too  parts  of  silver,  precipi- 
tated from  its  solution  by  sulphuric  acid,  yield  134  of 


* Klaproth. 
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DhrWonH.  fulPhat*  Now  allowing,  with  Proust,  10.6  parts  of  the 
" lncrease  for  oxygen,  this  would  give  us  the  component 
parts  of  sulphat  of  silver  as  follows: 

17.4  acid 

82.6  oxide  of  silver 
100.0 

This  would  make  the  proportions  of  sulphat  nearly  the 
same  as  those  of  the  muriat. 

Sp.  S'  Sulphite  of  Silver. 

Sulphurous  acid  does  not  attack  silver,  but  it  com- 
bines readily  with  its  oxide.  The  sulphite  assumes  the 
form  of  small  brilliant  white  grains.  It  has  an  acrid 
metallic  taste.  Water  dissolves  only  a very  minute 
portion  of  it : accordingly  sulphurous  acid  occasions  a 
white  precipitate  of  sulphite  in  solutions  of  silver. 
When  exposed  to  the  light,  it  assumes  a brown  colour. 
When  strongly  heated,  the  silver  is  reduced,  and  sul- 
phurous and  sulphuric  acids  exhaled. 

This  salt  may  be  obtained  also  by  mixing  together 
the  solutions  of  sulphite  of  ammonia  and  nitrat  of  sil- 
ver ; but  if  too  much  sulphite  of  ammonia  be  added, 
the  salt  is  redissolved  and  a triple  salt  formed,  compo- 
sed of  sulphurous  acid,  oxide  of  silver,  and  ammonia. 
The  fixed  alkalies  are  also  capable  of  dissolving  the  sul- 
phite of  silver,  and  forming  with  it  triple  salts  *. 

Sp.  6.  Phosphat  of  Silver. 

Phosphoric  acid  does  not  act  upon  silver,  but  it 


* Fourcroy,  vi.  3*$-, 
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combines  readily  with  its  oxide.  Phosphat  of  silver  is 
precipitated  in  the  state  of  a white  powder  when  phos- 
phoric acid  is  poured  into  liquid  nitrat  of  silver.  It  is 
insoluble  in  water,  but  soluble  in  an  excess  of  phos- 
phoric  acid.  When  heated  strongly  in  a crucible,  a 
little  phosphorus  comes  over,  and  phosphuret  of  silver 
remains  in  the  retort  *.  This  salt  is  soluble  in  nitric 
acidf.  Mr  Chenevix  has  shewn,  that  when  boiled  with, 
a solution  of  an  earthy  muriat  in  proper  proportions, 
muriat  of  silver  and  phosphat  of  the  earth,  both  inso- 
luble, are  formed,  so  that  the  liquid  is  deprived  of  the 
whole  of  its  saline  part. 

Sj).  7.  Carbonat  of  Silver . 

Carbonic  acid  has  no  action  whatever  upon  silver; 
but  it  is  absorbed  readily  by  the  oxide  of  that  metal. 
The  carbonat  may  be  obtained  by  precipitating  silver 
from  its  acid  solutions  by  means  of  a carbonated  alkali. 
A white  insoluble  powder  is  obtained,  which  is  carbo- 
r.at  of  silver.  This  salt  becomes  black  when  exposed 
to  the  light ; and,  when  heated,  the  acid  is  driven  off, 
and  the  silver  reduced.  According  to  Bergman,  when 
this  salt  is  obtained  by  precipitating  1 00  parts  of  silver 
from  its  solution,  by  means  of  carbonat  of  soda,  it 
weighs  129^-  According  to  this  experiment,  if  we  al- 
low, with  Proust,  106  parts  of  the  increase  of  weight 
to  be  oxygen,  carbonat  of  silver  is  composed  of  about 

14.2  acid 

85.8  oxide  of  silver 
100.0 


* Fourcroy,  vi.  340. 
| Bergman,  ii.  391. 
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Sp.  8.  Flu  at  of  Silver . 

Fluoric  acid  does  not  attack  silver  ; but  its  oxide 
is  partly  dissolved  by  that  acid,  and  partly  forms  with 
it  an  insoluble  salt*.  This  acid  precipitates  the  fluat 
of  silver  from  the  liquid  nitrat  in  the  form  of  a white 
heavy  powder,  which  is  supposed  by  some  to  resemble 
the  muriat  of  silver.  This  salt  is  decomposed  by  the 
sulphuric  acid. 


Sp.  g.  Borat  of  Silver. 

Boracic  acid  has  no  action  on  silver  whatever ; but 
the  borat  may  be  formed  by  pouring  a solution  of  bo- 
rax into  liquid  rlitrat  of  silver.  The  salt  falls  to  the 
bottom  in  the  form  of  an  insoluble  white  powder,  which 
has  not  been  examined. 

HI.  Combustible  Salts. 

Sp.  io.  Acetat  of  Silver. 

Acetic  acid  has  no  action  whatever  on  silver;  but 
it  readily  dissolves  its  oxide,  and  forms  with  it  acetat 
of  silver.  The  properties  of  this  salt  are  but  imper- 
fectly known.  It  may  be  formed  easily  by  putting 
acetat  of  potass  into  a solution  of  nitrat  of  silver,  or  by 
saturating  hot  acetic  acid  with  the  oxide  of  silver.  On 
cooling,  the  solution  yields,  according  to  Margraff,  small 
prismatic  crystals  of  an  acrid  metallic  taste,  and  easily 
dissolved  in  water  f.  When  heated,  it  swells  up,  the 


* Scheele,  i.  3a. 

t T las  has  been  denied  by  Monnet,  but  found  accurate  by  Kirwan, 
Ihe  saturated  solution,  filtered  while  hot,  yielded  him  very  speedily  aci- 
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acid  is  dissipated,  and  the  oxide  of  silver  remains  be- 
hind. 


Sp.  ii.  Denzoat  of  Silver. 

Benzoic  acid  does  not  attack  silver,  but  it  dissolves 
ts  oxide,  and  forms  with  it  a salt  easily  soluble  in  water, 
but  in  a very  small  proportion  in  alcohol.  It  does  not 
deliquesce  in  the  air;  but  when  exposed  to  the  rays  of 
the  sun,  it  becomes  brown.  Heat  volatilizes  the  acid 
and  revives  the  silver  *. 

Sp.  1 2.  Succinat  of  Silver. 

The  succinic  acid  does  not  act  on  silver,  but  it  dis- 
solves its  oxide,  and  forms  with  it  a salt  which  crystal- 
lizes in  thin  oblong  radiated  prisms  f. 

Sp.  13.  Oxalat  of  Silver. 

Oxalic  acid  does  not  attack  silver,  but  it  dissolves  a 
small  portion  of  its  oxide.  The  oxalat  of  silver,  which 
was  first  examined  by  Bergman,  may  be  formed  by 
pouring  oxalic  acid  into  a solution  of  nitrat  of  silver.  It 
is  a white  powder  scarcely  soluble  in  water,  and  not  at 
all  in  alcohol  but  soluble  in  nitric  acid.  It  becomes 
black  by  being  exposed  to  the  air,  owing  to  the  reduc- 
tion of  the  oxide 

Sp.  1 4.  fart  rat  of  Silver. 

Tartaric  acid  does  not  attack  silver  ; but  tartar  dis- 


cular  crystals.  He  supposes  that  Monnet  failed  by  evaporating  the  solu- 
tion.—Kirwan  on  Mineral  Waters,  p.  8r. 

* Trommsdorf,  Ann.  de  Cbim.  xi.  315. 

t Wenzel’s  Ver-usand,  p.  245.  1 Bergman,  i.  386. 
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solves  its  oxide,  and  forms  with  it  a saline  mass,  which 
becomes  black  by  exposure  to  the  air  *.  Tartaric  acid 
does  not  occasion  a precipitate  in  liquid  nitrat  of  silver, 

Sp.  15.  Mellat  of  Silver. 

Mellitic  acid  occasions  no  precipitate  in  nitrat  of 
silver  f« 

Sp.  16.  Citrat  of  Silver. 

Silver  is  not  attacked  by  the  citric  acid ; but  its 
oxide  combines  with  it,  and  forms  with  it  a salt  inso- 
luble in  water,  of  a harsh  metallic  taste,  which  blackens 
when  exposed  to  the  light,  and  yields,  when  distilled, 
acetic  acid,  while  the  silver  is  revived.  This  salt  is 
decomposed  by  nitric  acid.  According  to  Vauquelin,  to 
whom  we  are  indebted  for  these  facts,  it  is  composed  of 

36  acid 

64  oxide  of  silver 
100  J 

Sp.  17.  Saccolat  of  Silver. 

Saclactic  acid  occasions  a white  precipitate  when 
dropt  into  nitrat  of  silver  §. 

Sp.  18.  Mai  at  of  Silver. 

ScHEELE  ascertained,  that  malic  acid  occasions  a pre- 
cipitate in  nitrat  of  silver.  But  the  nature  of  that  pre- 
cipice has  not  been  examined  ||. 
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J Fourcroy,  vii.  109.  § Scheele,  ii.  So- 
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IV.  Metallic  Salts. 

Sp.  19.  Arseniat  of  Silver . 

For  the  only  account  of  this  salt  hitherto  given  we 
are  indebted  to  Scheele,  the  discoverer  of  arsenic  acid. 
This  acid  does  not  attack  silver  at  the  common  tempe- 
rature ; but  when  the  two  bodies  are  heated  together 
pretty  strongly,  arsenic  is  sublimed,  the  silver  oxidized, 
and  the  mixture  melts  into  a transparent  glass.  Water 
carries  off  from  this  glass  arsenic  acid,  holding  silver  in 
solution,  and  leaves  a brown  insoluble  powder,  which, 
is  arseniat  of  silver.  When  this  salt  is  exposed  to  a 
heat  sufficient  to  melt  the  silver,  that  metal  ts  reduced. 

The  arseniat  of  silver  may  be  obtained  also  by  drop- 
ping arsenic  acid  into  a solution  of  silver  in  nitric  acid. 
The  salt  precipitates  in  the  state  of  a brown  powder. 
It  may  be  obtained  equally  by  using,  instead  of  arsenic 
acid,  the  alkaline  arseniats*. 

Scheele  has  observed,  that  a mixture  of  arsenic  and 
muriatic  acids  oxidize  silver  in  a digesting  heat,  and 
convert  it  into  muriat,  though  neither  of  these  acids  has 
any  effect  on  it  separately.  During  the  process  the  ar- 
senic acid  loses  its  oxygen,  and  is  converted  into  ar- 
senic f . 


Sp.  20.  Chromat  of  Silver. 

When  chromat  of  potass  is  dropt  into  liquid  nitrat 
of  silver,  a powder  precipitates  of  a beautiful  crimson, 
which  becomes  purple  when  exposed  to  the  action  of 


♦ Scheele,  i.  .67. 
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54§ 


SALTS  OF 


Book  II. 
Division  II. 

' v ' 


light.  This  powder  is  chromat  of  silver.  Wlien  heat- 
ed, it  melts  and  becomes  blackish.  Before  the  blow- 
pipe, when  exposed  to  the  action  of  the  blue  flame  of 
the  candle,  it  acquires  a green  colour,  and  the  silver  is 
reduced*. 

Sp-  21.  Molybdat  of  Silver. 

When  molybdic  acid  is  added  to  nitrat  of  silver,  a 
white  fleaky  precipitate  fallsf. 

V.  Triple  Salts  of  Silver. 

Sp.  22.  fartrat  of  Potass-and-silver. 

Tiienard  has  shown,  that  when  tartar  is  poured  in- 
to liquid  nitrat  of  silver,  a triple  salt  is  formed,  compo- 
sed of  tartaric  acid,  potass,  and  oxide  of  silver.  This 
salt  is  decomposed  by  the  alkalies  and  their  carbonats, 
and  by  the  sulphats  and  muriats 

Genus  IV.  Salts  of  Mercury. 

There  is  no  genus  of  metallic  salts  which  has  been 
subjected  to  a longer  or  more  varied  examination  than 
this.  Mercury  was  the  metal  from  which  the  alchymists 
conceived  the  greatest  hopes,  and  which  they  exposed 
to  every  possible  torture  during  their  researches  after 
the  philosopher’s  stone.  The  introduction  of  mercurial 
salts  into  medicine  occasioned  a scrutiny  no  less, varied 
and  obstinate,  after  the  paroxysm  of  the  alchymists  was 


Vauquelin.  \ Schcele,  i.  146* 

J Ann . de  Cblm,  xxxviii.  36. 
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aver.  The  important  cures  performed  by  their  means, 
especially  in  cases  of  the  venereal  disease,  were  early 
seen  by  physicians  : but  the  energy  with  which  they 
acted,  and  the  ravages  which  they  sometimes  made  on 
the  constitutions  of  those  who  used  them,  were  equally 
visible.  These  deleterious  effects  were  ascribed  to  a 
certain  acrid  something  which  was  supposed  to  consti- 
tute a component  part  of  mercury.  The  object  of 
chemical  physicians  was  long  directed  towards  disco- 
vering a method  of  removing,  neutralizing,  or  destroj^- 
ing  this  acrid  something,  without  impairing  the  good 
effects  of  the  medicine.  Hence  the  numerous  prepara- 
tions of  mercury  which  were  one  after  another  intro- 
duced into  practice  ; some  of  which  have  in  a great 
measure  answered  the  purposes  for  which  they  were  in- 
tended while  the  greater  number,  after  continuing  fa- 
shionable for  a time,  have  gone  one  after  another  out 
of  use. 

Mercurial  salts  have  lately  engaged  the  attention  of 
^philosophical  chemists,  because,  from  the  peculiar  na- 
ture of  the  metal,  the  changes  which  take  place  during 
their  formation  are  more  easily  traced.  To  them  we 
are  indebted  for  the  discovery  of  the  composition  of  sul- 
phuric acid,  of  metallic  oxides,  and  for  the  first  decisive 
proofs  of  the  non-existence  of  phlogiston  : to  them  wre 
owe  the  discovery  of  oxygen  gas,  and  perhaps  also  of 
nitrous  gas. 

Mercurial  salts  are  distinguished  by  the  following 
properties : 

1.  When  strongly  heated,  they  are  volatilized  and 
dissipated  ; and  traces  of  mercury  may  be  sometimes 
observed. 

2.  Triple  pryssiat  of  potass  or  lime  occasions  a whi- 
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Boole  II.  tish  precipitate,  which  becomes  yellow  when  exposed  to 
Division  II. 
u— y— — the  air. 

3.  Hyorosulphuret  of  potass  Occasions  a black  preci-. 
pitate. 

4.  Muriatic  acid,  when  poured  into  their  solution  in 
water,  usually  occasions  a white  precipitate. 

5.  Gallic  acid,  or  the  infusion  of  nut  galls,  occasions 
an  orange-yellow  precipitate. 

(5.  A plate  of  copper  plunged  into  a liquid  mercurial 
salt  gradually  precipitates  running  mercury. 

There  are  two  well  authenticated  oxides  of  mercury, 
and  every  acid  seems  capable  of  combining  with  each. 
Of  course  every  species  is  divisable  into  two  varieties, 
distinguished  by  the  simple  name,  and  by  prefixing  to 
it  the  epithet  oxygenized.  Many  of  these  varieties  are 
capable  of  existing  in  the  state  of  sub  and  super  salts. 
This  gives  rise  to  another  set  of  varieties  still  more  nu- 
merous. 

I.  Detonating  Salts. 

Sp.  I.  Nitrated  Mercury. 

The  action  of  nitric  acid  on  mercury  has  been  long 
known  to  chemists,  and  indeed  is  described  minutely 
even  by  the  alchymists ; but  it  was  Bergman  rvho  first 
pointed  out  the  different  compounds  which-  that  acid 
forms  with  the  mercurial  oxides*.  These  are  two  in 
number  ^ namely,  the  nitrat  and  oxynitrat ; the  last  of 
which  contains  mercury  oxidized  to  a maximum.  To 
these  two  Fourcroy  has  added  a third,  the  supernitrat, 
•a._y 
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consisting  of  the  first  of  these  salts  combined  with  an  Chap •»*», 
excess  of  acid.  So  that  we  have  three  varieties  of  ni- 
trated mercury ; and  to  these  it  is  necessary  to  add  a 
fourth,  the  subnitruty  consisting  of  the  nitrat  combined 
with  an  excess  of  base. 

i . Nitrat  of  Mercury. — When  nitric  acid  is  poured  Action 

J J * % nitric  acid] 

upon  mercury,  an  effervescence  takes  place,  and  nitrous  on  merca- 
gas  is  disengaged  ; the  metal  is  gradually  oxidized,  and 
dissolved  in  that  portion  of  the  acid  which  remains  un- 
decomposed.  Nitric  acid,  without  the  assistance  of 
heat,  is  capable  of  dissolving  almost  its  own  weight  of 
mercury,  and  the  solution  is  colourless,  very  heavy, 
and  exceedingly  caustic.  It  tinges  the  skin  indelibly 
black,  and  gives  the  same  colour  to  almost  all  animal 
substances.  By  spontaneous  evaporation  it  yields  trans- 
parent crystals  composed  of  two  four-sided  pyramids 
applied  base  to  base,  having  their  apexes  and  the  four 
solid  angles  at  their  bases  truncated.  This  solution 
does  not  yield  a precipitate  when  water  is  poured  into 
it,  and  the  crystals  of  nitrat  of  mercury  are  soluble 
without  decomposition.  But  if  nitric  acid  be  boiled 
upon  mercury  till  it  refuses  to  dissolve  any  more,  the 
first  portion  is  oxidized  at  the  expence  of  the  acid,  ni- 
trous gas  is  disengaged,  and  oxynitrat  formed  ; the  se- 
cond portion  is  oxidized  at  the  expence  of  the  oxide,  no 
gas  is  disengaged,  and  the  whole  is  in  the  state  of  ni- 
trat ; but  the  acid  holds  a much  greater  proportion  of 
oxide  in  solution  than  in  the  former  case.  If  water  be 
poured  into  this  solution,  the  salt  immediately  divides 
itself  into  two  portions:  'l  he  first,  containing  an  excess  Varieties  of 
of  base,  falls  down  in  the  state  of  a white  insoluble 
powder  > it  is  a subnitrat  of  mercury : The  second, 
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LH  visional  I Coota^a^ng  an  excess  of  acid,  remains  in  solution  ; it  is 
»— -~v— « ' a supernitrat  of  mercury  *. 

When  nitrat  of  mercury  is  exposed  to  the  air,  it  gra- 
dually absorbs  oxygen,  and  acquires  the  yellow  colour 
and  appearance  of  turpeth  mineral.  In  this  state  it  has 
been  called  by  Monnet  nitrous  turpeth.  Nitrat  of  mer- 
cury is  decomposed  by  the  fixed  alkalies,  which  preci- 
pitate the  oxide  of  mercury  of  a yellow  colour  ; by  am- 
monia, which  precipitates  it  black ; and  by  muriatic 
acid  and  the  muriats,  which  occasion  a heavy  precipi- 
tate of  muriat  of  mercury  resembling  curd. 

2.  Oxynitrat  of  Mercury — When  nitric  acid  is  made 
to  dissolve  mercury  with  the  assistance  of  heat,  it  acts 
with  much  more  energy,  a much  greater  quantity  of  ni- 
trous gas  is  emitted,  and  the  metal  combines  with  a 
greater  proportion  of  oxygen  ; and  if  the  heat  be  conti- 
nued, it  passes  at  last  into  a yellow  coloured  crystalline 
mass.  In  this  solution  the  acid  is  combined  with  mer- 
cury oxidized  nearly  to  a maximum.  It  is  more  acrid 
than  the  first  solution  ; -&nd  when  diluted  with  water,  a 
precipitate  appears,  consisting  of  the  salt  combined  with 
a great  excess  of  base.  This  precipitate  is  white  if  the 
solution  be  diluted  with  cold  water,  but  yellow  or  green- 
ish-yellow if  hot  water  be  used.  This  salt  is  capable, 
like  the  nitrat,  of  existing  both  in  the  state  of  a super- 
oxynitrat  and  suboxynitrat.  The  yellow  precipitate 
obtained  by  hot  water  is  in  fact  a suboxynitrat.  The 
crystals  always  turn  blue  colours  red,  and  of  course 
contain  an  excess  of  acid. 

When  the  nitrat  of  mercury  is  placed  upon  burning 
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coals,  it  detonates  feebly,  emitting  a lively  white  flame.  Chap.  III. 
When  mixed  with  a little  phosphorus,  and  struck  with 
a hot  hammer,  it  detonates  violently,  and  the  mercury 
is  reduced*. 

Sp.  2.  Hyperoxymuriat  of  Mercury. 

This  singular  salt  was  discovered  by  Mr  Chenevix. 

When  oxymuriatic  acid  is  made  to  pass  through  water, 
in  which  there  is  mixed  red  oxide  of  mercury,  the  ox- 
ide acquires  a dark  brown  colour,  and  part  of  it  is  dis- 
solved. By.  evaporating  to  dryness,  a salt  'was  obtain- 
ed ; which,  as  usual,  was  a mixture  of  the  oxide  com- 
bined with  muriatic  and  hyperoxymuriatic  acid.  By 
carefully  separating  the  last  formed  crystals,  Mr  Che- 
nevix obtained  some  hyperoxymuriat,  which  he  puri- 
fied by  a second  crystallisation.  This  salt  is  soluble  in 
about  four  parts  of  water.  WTen  sulphuric,  or  even 
weaker  acids,  are  poured  on  it,  hyperoxymuriatic  acid 
is  disengaged  in  the  usual  way.  The  other  properties  of 
salt  have  not  been  examined  f. 

]I.  Incombustible  Salts. 

Sp.  3.  Muriated  Mercury. 

The  compounds  formed  by  the  combination  of  mu- 
riatic acid  with  the  oxides  of  mercury  have,  on  account 
of  their  very  great  importance,  attracted  the  peculiar 
attention  of  chemical  philosophers.  There  is  scarcely 
a single  writer  on  the  science  who  has  not  either  at- 


* Bragnatelli,  Ann.  de  Clim.  Xxvii.  74. 
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n.  temPter^  t0  vary  the  processes  for  making  them,  or  to  as- 
“ certain  their  properties,  or  to  explain  their  nature  and 
composition.  In  rydp  Bergman  published  a treatise  on 
the  mercurial  muriats,  in  which  he  collected  the  more 
important  labours  of  his  predecessors,  and  gave  us  also 
his  own  experiments  * ; but  that  illustrious  philosopher 
failed,  in  his  attempts  to  explain  the  cause  of  the  different 
properties  exhibited  by  these  salts.  It  was  only  after 
the  discovery  of  the  ox y muriatic  acid,  and  of  the  na- 
ture of  the  different  oxides  of  mercury,  that  this  difficult 
problem  could  receive  a satisfactory  solution  : and  for 
the  first  complete  solution  we  are  indebted  to  BerthoU 
I'efc  His  conclusions  have  been  decisively  confirmed  by 
the  experiments  of  Chenevix. 

There  are  two  mercurial  muriats;  one  of  them  is 
compose*!  of  muriatic  acid  and  mercury  combined  with 
a maximum  of  oxygen  ; it  is  of  course  an  oxy-muriat ; 
the  other,  containing  mercury  oxidized  to  a less  degree* 
is  only  a muriat . 

Muriatic  acid  has  no  action  whatever  upon  mercury  ; 
but  it  combines  very  readily  with  its  oxides,  and  its  affi- 
nity for  these  bodies  is  so  strong  that  it- separates  them 
from  the  sulphuric  and  nitric  acids.  It  will  be  proper 
first  to  describe  the  oxymuriat  of  mercury,  because  it  is 
usually  employed  in  the  manufacture  of  the  muriat. 
jEstory,  i.  Oxymuriat  of  mercury.  This  salt  is  usually  de-  ' 

nominated  corrosive  sublimatey  or  corrosive  muriat  of 
mercury.  The  original  discoverer  of  it  is  unknown. 
It  is  mentioned  by  Avicenna,  who  died  before  the  mid- 
dle of  the  eleventh  century ; and  was  even  known  to 
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Rhases,  who  lived  in  the  century  before  him.  The 
Chinese  have  been  acquainted  with  it  also  for  a long 
time  *.  The  alchymists  appear  all  to  have  been  ac- 
quainted with  it,  and  to  have  reckoned  it  among  their 
secrets  ; and  some  of  them,  Albertus  Magnus  tor  in- 
stance, describe  it  with  a good  deal  of  precision.  Berg- 
man has  enumerated  no  lessr  than  1 4 different  processes 
recommended  by  Chemists  for  preparing  this  salt j and 
since  that  time  several  new  methods  have  been  propo- 
sed. 

The  process  most  commonly  followed  is  to  mix  toge- 
ther equal  parts  of  dry  oxynitrat  of  mercury,  decrepita- 
ted common  salt,  and  calcined  sulphat  of  iron.  One- 
third  of  a matrass  is  filled  with  this  mixture  ; the  vessel 
is  placed  in  a sand-bath,  and  gradually  heated  to  redness. 
When  the  apparatus  is  cold,  oxymuriat  of  mercury  is 
found  sublimed  in  the  upper  part  of  the  matrass.  I he 
theory  of  this  process  is  obvious,  The  heat  expels  the 
sulphuric  acid  from  the  sulphat,  which  in  its  turn  de- 
composes the  common  salt,  and  leaves  the  muriatic  acid 
at  liberty  to  act  upon  the  mercurial  oxynitrat,  from 
which  it  separates  the  oxide,  and  sublimes  with  it  in  the 
state  of  oxymuriat.  Another  process,  first  proposed  by 
Kunkel,  is  to  expose,  in  a similar  vessel,  a mixture  of 
equal  parts  of  oxy-sulphat  of  mercury  and  dry  common 
salt  to  a strong  heat:  oxymuriat  of  mercury  is  equally 
sublimed.  It  may  be  formed  likewise  by  passing  oxy- 
muriatic  acid  into  a solution  of  nitrat  of  mercury,  and 
evaporating  the  solution  till  the  salt  crystallizes  f.  But 
it  would  be  tiresome  and  useless  to  enumerate  all  the 
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different  processes.  By  far  the  most  simple,  and  cer- 
tainly the  best  for  chemical  purposes,  is  to  dissolve  the 
red  oxide  of  mercury  in  muriatic  acid.  The  solution 
takes  place  readily,  and  without  the  disengagement  of 
any  gas;  and  the  salt  crystallizes  spontaneously*. 

Oxymuriat  of  mercury,  when  obtained  by  sublimation, 
is  in  the  form  of  a beautiful  white  semi-transparent  mass, 
composed  of  very  small  prismatic  needles.  By  evapora- 
tion, it  yields  cubes  or  rhomboidal  prisms,  or  more 
commonly  quadrangular  prisms  with  their  sides  alter- 
nately narrower,  and  terminated  by  dihedral  summits  f. 
Its  specific  gravity  is  5.1398  ;};.  Its  taste  is  excessively 
acrid  and  caustic,  and  it  leaves  for  a long  time  a very 
disagreeable  styptic  metalli  cimpression  on  the  tongue. 
When  swallowed,  it  is  one  of  the  most  virulent  poisons 
known,  producing  violent  pain,  nausea,  and  vomiting, 
and  corroaing  in  a very  short  time  the  stomach  and  in- 
testines §.  It  is  soluble  in  about  20  parts  of  cold  water. 
Boiling  water,  according  to  Macquer,  dissolves  half  its 
weight  of  it.  Alcohol,  according  to  the  same  philoso- 
pher, at  the  temperature  of  70°,  dissolves  4.  of  its 
weight,  and  100  parts  of  boiling  alcohol  dissolve  88 
parts  of  it.  It  is  not  altered  by  exposure  to  the  air. 
When  heated,  it  sublimes  very  readily  ; and  while  in 
the  state  of  vapour,  it  is  exceedingly  dangerous  to  those 
who  are  obliged  to  breathe  it. 

It  is  soluble  in  sulphuric,  nitric,  and  muriatic  acids; 
and  may  be  obtained  again  by  evaporation  unaltered. 
It  is  decomposed  by  the  fixed  alkalies,  and  its  oxide  pre- 


* Berthollet,  Mem.  de  l' Imtit.  iii.  136.  j-  Bergman,  iv.  295. 
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cipitated  of  a yellow  colour,  which  soon  becomes  brick-  Chap,  iil 
red.  This  decomposition  renders  oxymuriat  of  mercury 
a useful  test  for  ascertaining  the  presence  of  alkalies  in 
solution.  If  liquid  oxymuriat  of  mercury  he  dropt  into 
a solution  containing  the  smallest  portion  of  alkali,  the 
brick-red  precipitate  appears.  The  alkaline  earths  also 
decompose  this  salt,  and  ammonia  forms  with  it  a triple 
compound.  Several  of  the  metals,  or  their  sulphurets, 
decompose  it  also  by  the  assistance  of  heat.  This  is  the 
case  in  particular  with  arsenic,  bismuth,  antimony,  and 
tin.  These  metals  are  oxydized  and  combined  with  mu- 
riatic acid,  while  the  mercury  is  reduced,  and  combined 
with  sulphur  if  it  be  present. 

Before  the  late  experiments  of  Mr  Chenevix,  the  com-  comp(Bj» 
position  of  this  salt  was  very  imperfectly  known.  By  tu>n- 
precipitating  its  oxide  by  means  of  potass,  and  its  acid 
by  means  of  nitrat  of  silver,  he  ascertained  their  propor- 
tions to  be  as  follows : 

82  oxide 
18  acid 


100 

One  hundred  grains  of  mercury  dissolved  in  nitric 
acid,  mixed  with  muriatic  acid,  evaporated  to  dryness 
jind  sublimed,  gave  143.5  grains  of  oxymuriat  of  mer- 
cury. But  of  these  nearly  26  grains  are  muriatic  acid. 
Of  course,  the  oxide  in  oxymuriat  is  composed  of  100 
mercury  and  17.5  oxygen,  or  nearly  of  85  mercury  and 
15  oxygen.  Hence  oxymuriat  of  mercury  is  composed 
of 
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82  oxide 
1 8 acid 


100  * 
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History.  Muriat  of  mercury.  The  discoverer  of  this  im- 

portant salt,  commonly  known  in  this  country  by  the 
names  of  calomel  and  mercurius  dulcis , is  altogether  un- 
known. It  seems  to  have  been  prepared  by  the  alchy- 
mists;  yet  Crollius,  so  late  as  the  beginning  of  the  17th 
century,  speaks  of  it  as  a grand  secret  and  mystery: 
But  Beguin  made  the  process  public  in  .608  in  his 
■ Tirocinium  Chemicum , in  which  he  describes  the  salt  un- 
der the  name  of  draco  mitigatus 

Prcpara-  - he  processes  for  preparing  it,  which  are  numerous, 
have  been  described  by  Bergman.  The  most  usual  is 
to  triturate  4 parts  of  oxymuriat  of  .mercury  with  three 
parts- of  running  mercury  in  a glasa  mortar,  till  the  mer- 
cury is  killed , as  the  apothecaries  term  it  \ that  is  to 
say,  till  no  globules  of  the  metal  can  be  perceived  ; 
and  the  whole  is  converted  into  a homogeneous  mass. 
This  mixture  is  put  into  a matrass,  and  exposed  to  a suffi- 
cient heat  in  a sand  bath.  The  muriat  is  sublimed  -t 
mixed,  however,  usually  with  a little  oxymuriat,  which 
is  either  removed  by  repeated  sublimations  and  tritura- 
tions, or  by  washing  the  salt  well  with  water. 

It  may  be  prepared  also  in  the  humid  way,  by  a pro- 


* Chenevlx  on  Oxygenized  and  Hyperoxygenized  Muriatic  Acids. 
Tbil  Trans.  l802. 
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cess  first  suggested  by  Scheele,  but  lately  correcfed  by  Chap 
Mr  Chenevix. 

Scheele’s  method  is  to  form  a nitrat  of  mercury  by 
dissolving  as  much  mercury  as  possible  in  a given 
tity  of  boiling  nitric  acid.  A quantity  of  common  salt, 
equal  to  half  the  weight  of  the  mercury  used,  is  then 
dissolved  in  boiling  water,  and  the  boiling  nitrat  is  cau- 
tiously poured  into  it.  A white  precipitate  f ills,  which 
is  to  be  edulcorated  with  water  till  the  liquid  comes  off 
without  any  taste,  and  then  dried  upon  a filter  *- 

"VVe  have  seen  formerly,  that  the  nitrat  of  mercury, 
formed  as  Scheele  prescribes,  contains  an  unusual  pro- 
portion of  oxide.  When  water  is  added  to  its  solution, 
it  immediately  separates  into  two  portions ; supetnltrat, 
which  remains  in  solution  ; and  subnitrat,  which  precipi- 
tates in  the  state  of  a white  insoluble  powder.  When  the 
solution  of  common  salt  is  added  to  the  solution,  a portion 
only  of  the  oxide  will  have  time  to  combine  with  muriatic 
acid  ; another  portion  must  be  precipitated  by  the  wa- 
ter in  the  state  of  subnitrat  Scheele’s  precipitate  then 
is  not  muriat  of  mercury,  but  a mixture  of  muriat  and 
subnitrat.  To  obtain  pure  muriat,  the  nitrat  must  be 
prepared  without  heat  *,  in  which  case  no  excess  of 
base  is  present : or  if  it  be  prepared  by  means  of  heat, 
the  solution  of  muriat  of  soda  must  be  mixed  with  some 
muriatic  acid.  In  the  first  case,  no  subnitrat  is  precipi- 
tated ; in  the  second,  it  is  decomposed  by  the  muriatic 
acid  present  f 

The  theory  of  the  formation  of  this  salt  is  obvious. 


* Scheele,  i.  aar. 

f Chenevix  on  Oxygenized  and  Hyperoxygcnizcd  Muriatic  Acids. 
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Division  II.  ^ t^le  ^rst  process,  the  mercury,  combined  with  the 
w”"“ oxymuriat,  which  amounts  to  -|-ths  of  its  weight,  de- 
prives the  oxide  of  part  of  its  oxygen,  and  af  course  the 
salt  is  converted  into  a muriat,  which  combines  at  the 
same  time  with  an  additional  dose  of  oxide.  In  Scheele’s 
process,  the  mercury  is  not  oxidized  to  a maximum,  or 
only  a small  portion  of  it  is  so  ; and  the  oxymuriat 
formed  is  mostly  dissolved  by  the  solution  of  common 
salt,  which  is  added  in  excess  on  purpose,  and  after- 
wards completely  removed  by  the  water  with  which 
the  muriat  is  washed. 


Properties.  Muriat  of  mercury  is  usually  in  the  state  of  a dull 
white  mass;  but  when  slowly  sublimed,  it  crystallizes 
in  four-sided  prisms,  terminated  by  pyramids.  It  has 
very  little  taste,  is  not  poisonous,  but  only  slightly  pur- 
gative. Its  specific  gravity  is  7.1758  *.  It  is  scarce- 
ly soluble,  requiring,  according  to  Rouelle,  1152  parts 
of  boiling  water  to  dissolve  it. 

When  exposed  to  the  air,  it  gradually  becomes  deep- 
er coloured  When  rubbed  in  the  dark,  it  phospho- 
resces, as  Scheele  discovered.  A stronger  heat  is  re- 
quired to  sublime  it  than  is  necessary  for  the  sublima- 
tion of  oxymuriat.  Oxymuriatic  acid  converts  it  into 
oxymu;  iat  of  mercury ; and  the  same  change  is  produ- 
ced by  subliming  it  with  one  part  of  common  salt  and 
two  parts  of  sulphat  of  iron.  Nitric  acid  dissolves  it 
readily,  and  much  nitrous  gas  is  evolved,  as  Berthollet 
has  shewn,  and  the  salt  is  converted  into  oxymuriat. 

Mr  Chenevix  employed  the  following  method  to  as- 
certain the  composrtion  or  this  salt.  He  dissolved  100 


* Hpsseni;-:itz,  Arm.  dc  Cl: in:,  xxviii.  ra. 
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jparts  of  it  in  nitric  acid,  and  precipitated  the  acid  by  Chap.  ill. 
nitrat  of  silver.  The  precipitate  indicated  it. 5 muri- 
atic acid.  The  oxide  obtained  was  88.5.  Therefore  the 
component  parts  of  muriat  of  mercury  are  Composi- 

88.5  oxide  tion' 

1 1.5  acid 


100.0 

To  ascertain  the  composition  of  the  oxide*  he  c6n- 
verted  100  grains  of  muriat  into  oxymuriat  by  means 
of  nitromuriatic  acid  and  sublimation.  Thus  changed, 
it  amounted  to  113  grains.  The  addition  was  13.  Of 
this,  8.8  was  acid.  For  113  grains  of  oxymuriat  con- 
tain 20.3  acid;  whereas  the  calomel  contained  only  11.5. 
The  additional  4.2  must  have  been  oxygen.  Now  113 
grains  of  oxymuriat  contain  79  parts  of  mercury;  which 
must  be  precisely  the  quantity  contained  in  100  of  ca* 
lomel.  Hence  that  salt  is  composed  of 

1 1.5  acid 
79.0  mercury 

9.5  oxygen 

xoo.o 

Hence  it  follows  that  the  oxide  in  calomel  contains 
10.7  per  cent,  of  oxygen  *. 

Sp.  4.  Sulphated  Mercury. 

The  action  of  sulphuric-  acid  on  mercury  had  been 
observed  by  chemists  in  die  very  infancy  of  the  science; 


* Chenevix  on  Oxygenized  and  Hyperoxygcnized  Muriatic  Acids. 
Phil.  Trans.  l8o2. 
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but  the  phenomena  of  that  action  were  first  explained 
by  Lavoisier  in  1777  *,  and  the  different  compounds 
obtained  were  first  examined  with  precision  by  Four- 
croy  in  1791  f.  Sulphuric,  like  other  acids,  combines 
with  two  oxides  of  mercury,  and  forms  a sulphat  and 
oxysulphat  ; and  each  of  these  is  capable  of  combining 
with  an  excess  of  acid  and  of  base.  We  have  therefore 
no  less  than  six  varieties  at  least  of  sulphated  mercury. 
These  are, 

n Sulphat;  4.  Oxysulphat 

2.  Supersulphat ; 5.  Superoxysulphat ; 

3.  Subsulphat ; 6.  Suboxysulphat. 

I.  Sulphat  of  Mercury. — Sulphuric  acid  has  no  ac- 
tion on  mercury  while  cold  ; but  when  heat  is  applied, 
an  effervescence  ensues,  and  sulphurous  acid  gas  is  emit- 
ted. This  indeed  is  the  method  usually  followed  for 
obtaining  that  gas  in  a state  of  purity.  At  the  same 
time  the  mercury  is  gradually  oxidized  and  converted 
into  a white  mass  ; the  nature  of  which  differs  accord- 
ing to  the  proportion  of  the  ingredients  and  the  degree 
of  heat  employed  ; but  it  is  usually  a mixture  of  su- 
persulphat and  superoxysulphat.  Sulphat  of  mercury 
may  be  formed  by  boiling  over  mercury  a quantity  of 
sulphuric  acid  diluted  with  its  own  weight  of  watev. 
Very  little  sulphurous  acid  gas  is  disengaged  By 
proper  evaporation  this  salt  is  obtained  in  small  pris- 
matic crystals.  It  is  soluble  without  decomposition  in 
500  parts  of  cold  water,  and  in  287  parts  of  boiling  wa- 
ter. It  is  not  altered  by  exposure  to  the  air ; but  heat 
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decomposes  it.  According  to  Fourcroy,  it  is  compo-  ^ 

sed  of 12  acid  Composi- 

83  oxide  of  mercury 
5 water 

100 

The  alkalies  and  lime  water  precipitate  the  mercury  in 
the  state  of  black  oxide,  or  rather  subsulphat,  as  it  re- 
tains a small  portion  of  acid.  Sulphuric  acid  combines 
with  it,  and  converts  it  into  supersulphat  of  mercury*. 

This  last  variety  may  be  abtained  at  once.  If  sul- 
phuric acid  be  boiled  on  mercury,  and  the  process  be 
stopped  before  the  whole  of  the  sulphuric  acid  is  eva- 
porated to  dryness,  the  white  mass  obtained,  after  being 
washed  with  a little  water,  is  supersulphat  of  mercury.  Supersul- 
This  salt  has  an  acrid  taste,  it  reddens  vegetable  blues,  pUat‘ 
and  does  not  become  yellow  when  exposed  to  the  air. 

As  it  contains  different  proportions  of  acid,  according 
to  the  process,  its  solubility  of  course  is  different. 

When  the  excess  of  acid  amounts  to  about  the  twelfth 
of  its  weight,  it  is  soluble  in  157  parts  of  cold  water, 
and  in  about  33  parts  of  boiling  waterf. 

2.  Oxysulphat  of  Mercury. — When  three  parts  of  sul-  Oxysulphat. 
phuric  acid  are  boiled  upon  two  parts  of  mercury,  the 
whole  is  gradually  converted  into  supersulphat.  If  the 
heat  be  continued,  the  excess  of  acid  is  slowly  decom- 
posed, sulphurous  acid  gas  is  disengaged,  the  mercury 
combines  with  an  additional  dose  of  oxygen,  and  there 
remains  oxysulphat  of  mercury.  This  salt  crystallizes 
in  small  prisms.  Its  colour  is  a dirty  white  when  per- 
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fectly  neutral;  but  when  obtained  at  once  in  a dry  mass, 
it  is  of  a fine  white  colour,  and  always  contains  an  ex- 
cess of  acid.  It  undergoes  no  alteration  by  being  ex- 
posed to  the  air,  unless  it  has  been  allowed  to  retain  an 
excess  of  acid  ; but  in  that  case  it  deliquesces.  When 
water  is  poured  upon  this  salt,  it  is  immediately  sepa- 
rated into  two  portions  ; namely,  superoxysalphat  and 
suboxysulphat : The  superoxysulphat,  with  a great  ex- 
cess of  acid,  is  dissolved  by  the  water  ; and  the  suboxy- 
sulphat remains  in  the  state  of  a beautiful  yellow  pow- 
der, known  formerly  by  the  name  of  turpeth  mineral . 
That  it  is  oxysulphat  with  an  excess  of  base  was  first 
proved  by  Rouelle.  It  is  soluble  in  2000  parts  of  cold 
water,  and  in  600  parts  of  boiling  water.  The  solution 
is  colourless*. 

The  name  turpeth  mineral  seems  to  have  been  given 
to  this  salt  by  Crollius,  who  boasted  of  its  medicinal 
virtues,  but  kept  the  preparation  a secret.  He  attempt- 
ed to  moderate  the  violent  action  of  this  substance  by  a 
long  digestion,  but  without  success.  The  process  for 
preparing  it  was  afterwards  made  public.  Kunkel  pub- 
lished a set  of  experiments  on  it  in  1700,  in  his  Labo- 
ratorium  Chymicum.  The  name  turpeth  was  no  doubt 
given  from  some  resemblance  which  it  was  supposed  to 
have  either  in  its  colour  or  effects  to  the  root  of  the 
convolvolus  turpethum,  a plant  formerly  used  in  medi- 
cine. 


Sp.  5.  Phosphat  of  Mercury . 

Phosphoric  acid  does  not  act  on  mercury  ; but  it 


* Peurcroy,  A nth.  de  CLim.  x.  298. 
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combines  with  its  oxide,  and  forms  phosphat  of  mercu- 
ry. This  salt  is  formed  most  conveniently  by  mixing 
together  the  solutions  of  nitrat  of  mercury  and  phosphat 
of  soda.  The  salt  immediately  precipitates  in  the  state 
of  a white  powder.  1 his  salt  has  been  lately  introdu- 
ced into  medicine,  and  seems  to  answer  equally  well 
with  the  other  mercurial  preparations.  It  phospho- 
resces when  rubbed  in  the  dark  ; and  when  distilled,  it 
yields  phosphorus,  like  the  other  metallic  phosphats. 
Its  specific  gravity  is  4.9835  *. 

Sp.  6.  Carlonat  of  Mercury. 

Carbonic  acid  does  not  attack  mercury,  but  it  may 
be  combined  with  its  oxide  by  pouring  an  alkaline  car- 
bonat  into  nitrat  of  mercury.  The  precipitate  in  that 
case  is  a white  powder,  composed,  according  to  Bergv 

man,  of 90.9  mercury 

9.1  oxygen  and  acid 


100.0  f 

Sp.  7.  Flu  at  of  Mercury. 

Fluoric  acid  has  no  action  on  mercury;  but  it  com- 
bines with  its  oxide,  and  forms  a white  insoluble  fluat 
of  mercury  %.  The  same  salt  is  precipitated  when  the 
alkaline  fluats  are  mixed  with  the  nitrat  of  mercury. 

Sp.  8.  Bor  at  of  Mercury. 

Boracio  acid  has  no  action  on  mercury  ; but  borat 
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of  soda,  poured  into  a solution  of  that  metal  in  nitric 
acid,  occasions  a precipitate  of  borat  of  mercury  in  the 
state  of  a yellow  powder,  first  described  by  Monnet. 
Its  specific  gravity  is  2.266*. 


III.  Combustible  Salts. 

Sp.  9.  Acetated  Mercury , 

Acetic  acid  does  not  act  sensibly  on  mercury;  but 
it  dissolves  its  oxides,  especially  when  hot.  With  the 
protoxide  it  forms  an  acetat  of  mercury,  and  with  the 
red  oxide  an  oxacetat-,  salts  which  were  first  properly 
distinguished  from  each  other  by  Mr  Proust  f. 

1.  Acetat  of  Mercury. — This  salt  may  be  formed  by 
dissolving  in  acetic  acid  the  precipitate  obtained  from 

Crystals.  nitrat  of  mercury  by  means  of  alkalies.  As  the  solu- 
tion cools,  thin  brilliant  plates  of  acetat  of  mercury  are 
deposited,  resembling  boracic  acid.  It  may  be  prepared 
also  by  mixing  together  solutions  of  nitrat  of  mercury 
and  acetat  of  potass.  Large  flat  crystals  of  acetat  of 
mercury,  of  a silvery  whiteness,  soon  make  their  ap- 
pearance. This  salt  has  an  acrid  taste,  is  insoluble  in 
alcohol,  and  scarcely  soluble  in  water-  In  alkalies  it 
blackens.  The  proportion  of  the  constituents  of  this 
salt  has  not  b^eji  ascertained.  It  is  employed  in  medi- 
cinq. 

2.  Oxacetat  of  Mercury. — This  salt  is  obtained  by 
dissolving  the  red  oxide  of  mercury  in  acetic  acid.  It 
does  not  crystallize  ; but  when  evaporated  to  dryness, 
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forms  a yelled  mass,  which  soon  deliquesces.  It  dis-  ,chaF 
solves  readily  in  alcohol ; but  water  divides  it  into  two 
salts,  a superaxacetat,  which  remains  dissolved  in  the 
water,  in  consequence  of  its  great  excess  of  acid and  a 
suboxacetaty  in  the  state  of  a yellow  powder,  insoluble 
in  water.  When  the  solution  of  red  oxide  of  mercury 
in  acetic  acid  is  heated,  some  crystals  of  acetat  are  ob- 
tained ; because  a part  of  the  oxygen  of  the  oxide  is 
separated  at  the  expence  of  the  acid,  a portion  of  which 
is  decomposed*. 

Sp.  io.  Succinat  oj  Mercury. 

When  succinic  acid  is  digested  with  the  oxide  ot 
mercury,  it  forms  with  it  a shapeless  mass  containing 
some  crystals,  and  soluble  in  water-,  from  which  the  ox- 
ide is  precipitated  by  alkalies  and  hydrosulphurets  f . 

Sp.  ii.  Benxoat  of  Mercury. 

Benzoic  acid  dissolves  the  oxide  of  mercury,  and 
forms  with  it  a white  powder,  not  altered  by  exposure 
to  the  air.  It  is  insoluble  in  water,  and  very  sparingly 
soluble  in  alcohol.  A moderate  heat  sublimes  this  salt, 
and  a strong  heat  decomposes  it.  It  is  decomposed  by 
lime,  by  sulphuric  and  muriatic  acids,  and  by  sulphur  |. 

Sp.  12.  Oxalat  of  Mercury. 

Oxalic  acid  does  not  act  on  mercury ; but  it  dis- 
solves its  oxide,  and  forms  with  it  an  oxalat  in  the  state 
of  a white  powder,  scarcely  soluble  in  water.  When 
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Divisional.  exPose^  to  ^le  light,  it  very  soon  becomes  black.  The 
‘-—v—'  same  salt  i§  precipitated  when  oxalic  acid  is  poured  in- 
to the  sulphat  or  nitrat  of  mercury*.  Klaproth  first 
discovered  that  this  salt  has  the  property  of  detonating 
when  heated  f:  the  same  observation  was  afterwards 
made  by  Von  Packen \.  Howard’s  fulminating  powder 
consists  partly  of  this  salt. 

Sp-  13-  Mel '.at  of  Mercury. 

Mellitic  acid  occasions  a white  prepipitate  in  ni- 
trat of  mercury,  which  is  redissolved  on  fhe  addition 
of  nitric  acid  §. 

Sp-  14-  fartrat  of  Mercury. 

Tartaric  acid  does  not  attack  mercury  ; but  it 
dissolves  its  protoxide,  and  forms  with  it  an  insoluble 
white  salt,  which  soon  becomes  yellow  when  exposed 
to  the  light.  This  salt  precipitates  also  when  tartaric 
acid  is  poured  into  nitrat  of  mercury. 

Sp.  15.  Citrat  of  Mercury.  . 

This  salt  has  been  examined  by  Vauquelin.  Citric 
acid  does  not  attack  mercury  ; but  when  poured  upon 
its  red  oxide,  an  effervescence  takes  place,  and  the  ox- 
ide becomes  white  and  unites  into  one  mass.  The  ci- 
trat thus  formed  has  a mercurial  taste,  but  is  scarcely 
Soluble  in  water.  Nitric  acid  decomposes  it.  When 
distilled,  therp  comes  over  acetic  and  carbonic  acids, 
and  the  mercury  is  reduced  |J. 
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Sj).  1 6.  arid  17.  Saccolat  and  Mnlat  of  Mercury. 

When  saclactic  acid  or  malic  acid  is  dropt  into  nitrat 
of  mercurj,  a white  precipitate  appears  * * * § . 

Sp.  18.  Prussiat  cf  Mercury. 

This  salt,  which  was  first  formed  by  Scheele,  is  com* 
posed  of  the  prussic  acid  combined  with  the  red  oxide 
of  mercury.  It  may  be  formed  by  boiling  the  red  oxide 
of  mercury  with  prussian  blue.  It  crystallizes  in  tetra- 
hedral prisms,  terminated  by  quadrangular  pyramids, 
the  sides  of  which  correspond  with  the  angles  of  the 
prism.  Its  specific  gravity  is  2.7612-)-. 

This  salt  is  capable  of  combining  with  sulphuric  and 
muriatic  acids,  and  forming  triple  salts,  which  have  pot 
yet  been  examined 
r 

IV.  Metallic  Salts. 

Sp.  19.  Arseniat  of  Mercury. 

When  arsenic  acid  and  mercury  are  heated  in  a re- 
tort, white  oxide  of  arsenic,  mercury,  and  oxide  of  mer- 
cury of  a yellow  colour,  are  driven  over,  and  there  re- 
mains a yellow-coloured  insoluble  mass,  consisting  of 
arseniat  of  mercury.  The  same  salt  is  precipitated  in 
the  form  of  a yellow  powder  when  arsenic  acid  is  pour- 
ed into  the  liquid  nitrat  or  sulphat  of  mercury 
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<?/>.  20.  Molybdat  of  Mercury. 

Molybdic  acid  precipitates  mercury  from  nitric 
acid  in  the  form  of  a white  fleaky  powder  *.  But  it 
occasions  no  precipitate  in  the  solution  of  oxymuriat 
of  mercury  f. 

Sp.  21.  'Tungstat  of  Mercuty . 

Tungstic  acid  forms  with  the  oxide  of  mercury 
air  insoluble  powder,  which  has  not  been  examined. 

Sp.  22.  Chromat  of  Mercury . 

This  salt  may  be  formed  by  mixing  together  the  s©» 
lutions  of  an  alkaline  chromat  and  a mercurial  nitrat 
It  is  an  insoluble  powder  of  a fine  purple  colour  if, 

V.  Triple  Salts.  * 


Sp.  23.  Nitroxymuriat  of  Mercury-and-soda . 

This  triple,  or  rather  quadruple  salt,  was  first  noticed 
by  Mr  Berthollet.  When  a solution  of  muriat  of  soda 
is  poured  into  oxynitrat  of  mercury  diluted  with  water, 
scarcely  any  precipitate  appears  ; but  by  proper  evapo- 
ration  rhomboidal  crystals  are  obtained,  whose  faces  are 
channelled.  These,  according  to  Berthollet,  are  com- 
posed of  nitrat  of  soda  and  oxymuriat  of  mercury. 
When  heated  in  a crucible,  oxymuriat  of  mercury  su.. 
blimes,  and  nitrat  of  soda  with  a little  muriatic  acid  re- 
mains behind  §. 
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Sp.  24.  Oxymuriat  of  Soda-and-mercury.  ,chaP-  UL, 

When  four  parts  of  oxymuriat  of  mercury  and  one 
part  of  muriat  of  soda  are  mixed,  they  form  a triple  salt 
more  soluble  than  corrosive  sublimate  *. 


Sp.  25-  Suboxymuriat  of  Ammonia- and-mer  cur y. 

When  ammonia  is  poured  into  a solution  of  oxymu- 
riat of  mercury,  a white  precipitate  falls,  consisting  of 
the  oxymuriat  of  mercury-and-ammonia  with  excess  of 
base.  It  has  a taste  at  first  earthy,  afterwards  metallic. 
It  is  scarcely  soluble  in  water.  According  to  Fourcroy, 
it  is  composed  of  16  acid 

81  oxide 
3 ammonia 

100 

Sulphuric  and  nitric  acids  decompose  it,  and  convert 
it  into  oxymuriat  of  mercury  and  sulphat  of  ammonia- 
and-mercury,  or  nitrat  of  ammonia-and-mercury,  ac- 
cording to  the  acid.  The  addition  of  -muriatic  acid  ren- 
ders it  soluble  in  water  f.  In  this  last  state  it  has  been 
long  known  by  the  names  of  sal  alembroth  and  salt  of 
ivisdo?n.  It  was  formed  by  dissolving  oxymuriat  of 
mercury  in  a solution  of  sal  ammoniac  in  water,  or  by 
subliming  the  two  salts  together. 

Sp.  26.  fartrat  of  Potass-and-mercury. 

This  salt,  first  described  by  Monnet,  may  be  formed 
by  boiling  in  water  six  parts  of  tartar  and  one  part  of 
oxide  of  mercury.  The  liquid,  when  evaporated,  yields 
small  crystals  of  tartrat  of  potass-and-mercury.  The- 
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X>fv^onlii.  nard  *ias  ascertained,  that  the  same  triple  salt  may  be 

(— v formed  by  mixing  together  the  solutions  of  tartar  and 

mercurial  nitrat.  This  salt  is  decomposed  by  the  alka- 
lies, the  alkaline  carbonats,  the  hydrosulphurets,  the 
sulphats,  and  the  muriats  *. 

Genus  V.  Salts  of  Copper. 

i 

These  salts,  in  consequence  of  the  facility  with 
which  copper  absorbs  oxygen,  are  in  general  more  easily 
formed,  and,  of  course,  may  be  more  readily  examined 
than  the  preceding  genera.  Hence,  no  doubt,  the  rea- 
son that  some  of  them  have  been  so  long  known  and  so 
generally  employed.  The  alchymists  and  the  earlier 
chemists  distinguished  them  by  the  name  of  salts  ofVe- 
misy  because  Venus  was  the  term  which  they  gave  to 
copper.  They  are  the  class  of  metallic  salts  with  the 
composition  of  which  we  are  at  present  best  acquainted, 
in  consequence  of  the  accurate  analysis  to  which  they 
have  been  subjected  by  the  celebrated  Proustf,  and  the 
important  additions  lately  made  to  that  analysis  by  Mr 
Chenevix  J. 

The  cupreous  salts  may  be  distinguished  by  the  fol- 
lowing properties ; 

Characters.  i.  They  are  almost  all  soluble  in  water,  or  at  least  be- 
come so  by  the  addition  of  an  acid.  This  solution  has 
either  a blue  or  a green  colour,  or  it  acquires  that  colour 
after  being  dor  some  time  exposed  to  the  air. 

2.  When  ammonia  is  poured  into  this  solution,  it  as- 
sumes a deep  blue  colour. 


* /Inn.  de  dim.  xxxviii.  36. 
] PW-  Truns.  i8o2j  p.  193. 
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5.  Triple  prussiat  of  potass  occasions  a greenish- 
yellow  precipitate  when  poured  into  a cupreous  solu- 
tion. 

4.  Hydrosulphuret  of  potass  occasions  a black  precipi- 
tate. 

5.  Gallic  acid  occasions  a brown  precipitate. 

6.  A plate  of  iron,  when  plunged  into  a liquid  salt  of 
copper,  precipitates  the  copper  in  the  metallic  state. 

Almost  all  the  acids,  as  far  as  is  known,  combine  on- 
ly with  copper  oxydized  to  a maximum  ; so  that,  strict- 
ly speaking,  all  the  salts  of  copper  are  oxygenized.  To 
this  general  rule,  however,  there  is  one  exception ; the 
muriatic  acid  combines  with  both  oxides  of  this  metal, 
so  that  there  is  both  a muriat  and  an  oxymuriat  of  cop- 
per. It  can  scarcely  be  doubted,  that  similar  salts  will 
be  discovered  composed  of  the  other  acids  and  protoxide 
of  copper. 

I.  Detonating  Salts. 

Sp.  1 . Nitrat  of  Copper. 

Nitric  acid  attacks  copper  with  considerable  vio- 
lence ; nitrous  gas  is  emitted  in  great  purity,  while  the 
metal  is  oxidized  and  dissolved.  The  solution  is  of  a 
fine  blue  colour  ; and  when  slowly  evaporated  yields  re- 
gular crystals  of  nitrat  of  copper. 

These  crystals  are  long  parallelepipeds.  Their  spe- 
cific gravity  is  2.174  *.  They  have  a fine  blue  colour ; 
their  taste  is  acrid  and  metallic ; and  they  are  exceed- 
ingly caustic,  corroding  the  skin  with  great  energy. 
They  are  very  soluble  in  water ; and  when  exposed  to 
the  air,  gradually  attract  moisture,  and  deliquesce.  At  a 
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heat  not  exceeding  ioo°  they  undergo  the  watery  fusion  ; 
and  if  the  heat  be  increased,  they  lose  their  water  and 
part  of  their  acid.  On  burning  coals  they  detonate  fee- 
bly. These  crystals  detonate  also  when  mixed  with 
phosphorus  and  struck  with  a hammer,  as  Brugnatelli 
first  observed.  When  a quantity  of  them,  moistened 
with  water,  is  wrapt  up  in  a sheet  of  tinfoil,  they  act 
with  amazing  energy  upon  that  metal,  nitrous  gas  is  e- 
mitted,  a strong  heat  is  produced,  the  tinfoil  is  burst 
open  in  every  direction,  and  very  often  it  takes  fire. 
This  curious  experiment  was  first  made  by  Dr  Hig- 
gins *. 

When  nitrat  of  copper  is  thrown  into  a diluted  solu- 
tion of  potass,  a bulky  precipitate  of  a beautiful  blue 
colour  is  obtained,  provided  the  potass  predominate. 
This  precipitate  has  been  called  by  Mr  Proust  hydrat 
of  copper , because  it  is  composed  of  the  oxide  of  copper 
and  water.  To  obtain  this  substance  in  a state  of 
purity,  it  must  be  diluted  with  a large  portion  of  boiling 
water,  then  filtered,  and  well  washed.  When  dry,  it 
does  not  assume  the  form  of  a powder,  but  of  a solid 
mass,  of  the  consistence  of  prussian  blue.  When  heat- 
ed upon  paper,  it  gradually  loses  its  water,  and  becomes 
green,  and  at  last  black.  When  kept  dry,  its  co- 
lour remains  unchanged  ; but  when  preserved  under 
water,  it  is  gradually  decomposed,  and  converted  into 
black  oxide : Exposure  to  sunshine  accelerates  this  change. 
It  is  soluble  in  the  fixed  alkalies,  and  abundantly  in  am- 
monia f.  It  is  this  hydrat,  mixed  with  a small  portion 
of  lime,  which  forms  the  beautiful  blue  paint  some- 
times employed  for  making  painted  paper.  Mr  Chene- 
vix  has  shewn,  that  it  is  in  the  state  of  a hydrat  that 


* fbil.  Trans.  lxiii.  137. 
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the  oxide  of  copper  exists  in  almost  all  the  cupreous  Chap,  in.^ 
salts  *. 

When  potass  is  poured  into  a solution  of  nitrat  of  Suhtutrat. 
copper,  a blue  precipitate  appears,  which  soon  becomes 
green  by  agitation,  provided  the  quantity  of  potass  be 
insufficient  to  decompose  the  whole  of  the  nitrat.  Mr 
Proust  has  proved,  that  this  green  precipitate  is  a sub- 
nitrat  of  copper.  It  may  be  obtained  also  by  distilling 
nitrat  of  copper  in  a retort.  At  a particular  period  of 
this  process  the  salt  becomes  thick,  and  encrusts  the  re- 
tort in  the  state  of  a green  lamellar  concretion.  It  is 
then  converted  into  subnitrat.  This  salt  is  completely 
insoluble  in  water.  Sulphuric  acid  separates  its  acid  j 
and  the  same  separation  may  be  effected  also  by  distilla- 
tion. According  to  Proust,  it  is  composed  of 

1 6 acid  Compos?- 

tion. 

6 7 oxide 

17  water 


ioo  f 

Nitric  acid  does  not  seem  to  combine  with  protoxide 
of  copper.  When  concentrated,  it  oxidizes  the  metal 
to  a maximum,  and  then  dissolves  it : when  diluted, 
one  part  of  the  metal  attracts  oxygen  from  the  other : 
Blue  nitrat  is  formed,  and  a red  powder  precipitates, 
which  is  copper  reduced  J. 

Sp.  2.  Uyperoxymuriat  of  Copper. 

When  a current  of  oxymuriatic  acid  gas  is  passed  thro’ 
lh£  oxide  of  copper  suspended  in  water,  the  oxide  is 
speedily  dissolved  : But  Mr  Chenevix,  to  whom  we  are 


* Phil.  Trans.  1801. 

J Jen r.  de  Phys.  li.  l8j. 
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indebted  for  this  experiment,  has  not  examined  the  pro- 
perties of  the  hyperoxymuriat  which  is  formed  during 
die  process. 


II.  Incombustible  Salts. 

Sp.  3.  Muriated  Copper. 

Muriatic  acid,  while  cold,  does  not  act  on  copper 
in  close  vessels,  though  in  an  open  vessel  it  gradually 
corrodes  and  dissolves  it.  When  heated,  it  readily  oxi- 
dizes and  dissolves  the  metal,  while  at  the  same  time 
hydrogen  gas  is  evolved,  and  part  of  the  acid  volatilized. 
By  this  process  the  copper  is  oxidized  to  a maximum. 
But  muriatic  acid  is  also  capable  of  combining  with  the 
first  oxide  of  copper,  and  of  forming  another  salt,  first 
discovered  by  Mr  Proust,  and  afterwards  more  precise- 
ly examined  by  Mr  Chenevix.  Let  us  distinguish  these 
salts,  by  calling  the  first  oxymuriat  of  copper,  because 
the  metal  contained  in  it  is  oxidized  to  a maximum,  and 
giving  the  name  of  muriat  to  the  salt  discovered  by  Mr 
Proust. 

1.  Oxymuriat  of  copper.  This  salt  may  be  obtained 
either  by  dissolving  copper  in  muriatic  acid  by  the  as- 
sistance of  heat,  or  by  throwing  the  oxide  of  copper  in- 
to that  acid  cold.  The  solution,  which  is  of  a fine  green 
colour,  yields,  when  sufficiently  concentrated,  and  al- 
lowed to  cool  slowly,  crystals  of  oxymuriat  of  copper, 
in  the  form  of  rectangular  parallelopipeds,  of  a fine  grass- 
green  colour. 

This  salt  is  exceedingly  acrid  and  caustic.  Its  speci- 
fic gravity  is  1.6775*.  It  is  very  soluble  in  water; 


* Hiwscufratz,  Ann.  dt  Qhim.  xxviii.  ia. 
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and  when  exposed  to  the  air,  very  soon  attracts  moisture,  Chap-  III. 
and  is  convened  into  a liquid  of  the  consistence  of  oil.  mf 

At  a moderate  heat  it  melts,  and  assumes  a solid  form 
tvhen  cold.  According  to  Proust,  it  is  composed  of 

24  acid 
40  peroxide 
36  water 


ICO  * 

This  salt  may  be  distilled  to  dryndss  without  altera- 
tion ; but  if  the  heat  be  increased,  oxymuriatic  acid 
passes  over,  the  copper  loses  part  of  its  oxygen,  and 
there  remains  behind  muriat  of  copper.  When  potass 
is  poured  into  the  solution  of  oxymuriat  of  copper,  a 
green  powder  is  precipitated,  which  is  a suboxymuriat, 
containing  72  parts  in  the  hundred  of  brown  oxide  of 
copper.  When  copper  is  dissolved  in  nitromuriatic  a- 
cid,  a similar  green  powder  separates,  composed,  ac- 
cording to  Proust,  of  12.5  acid 

79.0  oxide 
8.5  water 


100.0  f 

Muriat  of  copper  is  not  decomposed  by  sulphuric  or 
nitric  acid  j but  the  alkalies  and  alkaline  earths  precipi- 
tate the  oxide  in  the  state  of  a subsalt,  if  the  muriat 
of  copper  predominate  ; and  in -the  state  of  a hydrat,  if 
the  alkalies  predominate  J. 

2.  Muriat  of  copper . This  salt,  which  contains  cop- 
per combined  with  a minimum  of  oxygen,  was  disco- 


1 Ibid. 


* Ann.  de  Chim.  xxxii.  47. 

VOL.  II. 


Oo 


} Ibid. 


SALTS  OF 


5V8 


Book  II. 
Division  II. 


Formation. 


i 


vered  by  Mr  Proust  while  engaged  in  his  experiments 
on  tin  He  observed,  that  when  the  salts  of  copper 
were  mixed  with  the  muriat  of  tin,  that  last  salt  depri- 
ved the  copper  of  part  of  its  oxygen,  and  formed  a salt 
of  a white  colour,  not  acted  on  by  sulphuric  acid,  but 
soluble  in  muriatic  acid.  This  solution  yielded  him  a 
colourless  salt,  which  on  examination  proved  to  be  a mu- 
riat of  copper  *• 

Mr  Chenevix  has  discovered  a very  simple  process  for 
obtaining  this  salt.  He  mixed  together,  in  a mortar, 
57.5  parts  of  the  black  oxide  of  copper,  and  50  parts  of 
copper  in  the  state  of  a fine  powder,  obtained  by  preci- 
pitating that  metal  from  its  solution  in  muriatic  acid  by 
means  of  a plate  of  iron.  The  mixture  was  put  along 
with  muriatic  acid  into  a well-stopped  phial.  A violent 
disengagement  of  caloric  took  place,  the  liquor  became 
of  a red  orange  colour,  and  the  whole  was  dissolved  ex- 
cept 7.5  of  metallic  copper.  The  solution  consisted 

entirely  of  muriat  of  copper  "f. 

It  may  be  obtained  also,  as  Proust  has  shewn,  by  dis- 
tilling oxymuriat  of  copper.  After  the  greatest  part  of 
the  water  has  passed  over,  the  acid  attracts  oxygen  from 
the  metal,  and  passes  over  partly  in  the  state  of  oxymu- 
riatic  acid  ; a grey  mass  remains  in  the  retort,  which  is 
muriat  of  copper.  The  salt  may  be  obtained  also  by 
keeping  a plate  of  copper  plunged  in  a bottle  filled  with 
muriatic  acid.  Crystals  of  muriat  gradually  form  upon 
the  plate  ; and  when  the  colourless  acid  is  diluted  with 
water,  muriat  of  copper  precipitates  in  the  state  of  a 
white  powder  J. 


• Ann,  de  Cbim.  xxviii.  II 8. 
^ jfeur,  dt  Pbys.  li  l8l. 


| PHI.  Tuns.  l8oi.  p.  23;. 
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This  salt  crystallizes  in  tetrahedrons.  When  its  con-  ^!p'_nr; 
centrated  solution  is  diluted  with  water,  the  salt  preci-  Properties, 
pitates  in  the  state  of  a white  powder,  being  no  doubt 
deprived  of  the  excess  of  acid  which  held  it  in  solution. 

When  repeatedly  washed  with  water,  its  acid  is  carried 
off,  and  the  orange  oxide  of  copper  only  remains  *. 

From  the  experiments  of  Proust,  compared  with  those 
of  Chenevix,  this  salt  seems  to  be  composed  of  about 

24.71;  acid  Composi- 

tion. 

yo.25  protoxide 
5.00  water 

100.00 

When  this  salt  is  exposed  to  the  air,  it  very  speedily 
attracts  oxygen,  and  is  converted  into  oxymuriat  of  cop- 
per. The  sulphat  of  iron,  when  dropt  into  a solution 
containing  it,  precipitates  the  copper  in  the  metallic 
state,  while  it  passes  itself  to  the  state  of  oxysulphat  f. 

It  dissolves  in  ammonia,  and  forms  a colourless  so- 
lution, which  gradually  attracts  oxygen  when  exposed 
to  the  air,  and  at  the  same  time  acquires  a fine  blue  cq- 
lour  J. 


Sp.  4.  Sulphat  of  Copper. 

Sulphuric  acid  does  not  attack  copper  while  cold  ; 
but  at  a boiling  heat  part  of  the  acid  is  decomposed,  the 
copper  is  oxidized,  and  combines  with  the  remainder  of 
the  acid.  But  recourse  is  seldom  had  to  this  process, 
as  the  sulphat  of  copper  is  found  native  abundantly,  dis- 


* Chenevix,  Phil.  Trans.  i8or.p.  230. 
t Proust,  .Inn.  dc  Cbim.  xxviii.  220. 

| Id.  Jour,  de  Vlyt.  Ji.  182. 
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solved  in  mineral  waters  connected  with  copper  mines. 
From  these  waters  it  is  often  obtained  by  evaporation; 
or  it  is  formed  by  burning  native  sulphuret  of  copper, 
or  by  moistening  that  substance  and  exposing  it  to  the 
air.  By  either  of  these  methods  the  sulphur  is  acidified, 
and  the  sulphat  of  copper  formed.  This  salt  appears  to 
have  been  known  to  the  ancients.  In  commerce  it  is 
distinguished  by  the  name  of  blue  vitriol,  and  sometimes 
by  that  of  blue  copperas.  It  is  in  fact  an  oxysulphat. 
There  are  three  varieties  of  this  salt  known,  namely, 
super  sulphat,  sulphat,  and  sub  sulphat. 

1 ' Super  sulphat.  This  is  the  variety  which  occurs 
in  commerce,  and  which  is  formed  by  the  usual  proces- 
ses. It  renders  vegetable  blues  red,  and  therefore  con- 
tains an  excess  of  acid.  It  has  a deep  blue  colour.  The 
primitive  form  of  its  crystals,  according  to  Hauy,  is  an 
oblique  parallelopiped,  whose  sides  are  inclined  to  each 
other  at  angles  of  1240  1'  and  55  0 59, ; and  wh'ose  base 
makes,  with  one  of  the  sides,  an  angle  of  109°  21',  and 
with  the  opposite  side  an  angle  of  70°  39'.  It  some- 
times passes  into  the  octahedron  and  decahedron,  and 
the  edges  at  the  bases  are  often  truncated. 

It  has  a strong  styptic  metallic  taste,  and  indeed  is 
employed  as  a caustic.  Its  specific  gravity  is  2.1943  *. 
It  is  soluble  in  four  parts  of  water  at  the  temperature 
of  6o°,  and  in  two  parts  of  boiling  water.  When  ex- 
posed to  the  air,  it  undergoes  a very  slight  efflorescence, 
and  its  surface  is  covered  with  a greenish  white  powder. 
When  heated,  it  loses  its  water,  and  is  converted  into  a 
bluish  white  powder  : if  the  heat  be  increased,  the  acid 


* Hasscnfratz,  Ann . dc  Cbim*  xxviii,  ia. 
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is  driven  off,  and  the  black  oxide  of  copper  remains  be- 
hind. 

This  salt,  according  to  the  analysis  of  Mr  Proust,  is 

composed  of 33  acid 

32  oxide 

/ 

35  water 
100  * 

But  part  of  this  water  is  intimately  combined  with  the 
oxide  in  the  state  of  hydrat  of  copper,  as  Mr  Chenevix 
has  observed.  We  may  therefore  consider  the  salt  as 

composed  of 33  acid 

42  hydrat  of  copper 
25  w ater 


100 

. This  salt  is  decomposed  by  the  alkalies  and  earths, 
the  alkaline  carbonats,  borats,  and  phosphats,  and  by 
those  metallic  salts  whose  base  forms  with  sulphuric 
acid  a salt  nearly  insoluble,  as  the  salts  of  lead. 

It  seems  to  have  the  property  of  forming  a quadruple 
salt  with  muriat  of  ammonia.  When  equal  parts  of  the 
two  salts  dissolved  in  water  are  mixed  together,  the  so- 
lution has  a yellow  colour  while  warm,  but  becomes 


* Ann.  dt  dim.  xxxii.  33. — According  to  Kirwan,  it  is  composed  of 
31  acid 
40  oxide 
29  water 


100 

This  agrees  almost  exactly  with  the  experiments  of  Proust,  if  we  suppose 
Mr  Kirwan ’s  oxide  was  in  the  state  of  a hydrat. 
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while  cold  j but  when  the  paper  is  heated  they  assume  a 
yellow  colour,  which  disappears  again  when  the  paper 
cools  *. 

2.  Sulphat.  This  salt  possesses  nearly  the  properties 
of  the  first  variety,  but  it  crystallizes  in  four-sided  py- 
ramids separated  by  quadrangular  prisms  f.  It  may  be 
obtained  by  saturating  the  excess  of  acid  in  the  supersul- 
phat  with  the  oxide  of  copper. 

3.  Sul  sulphat.  When  a small  quantity  of  pure  pot- 
ass  is  poured  into  a solution  of  sulphat  of  copper,  a 
green  coloured  powder  appears,  which  swims  in  the  so- 
lution. It  may  be  separated  by  filtration  ; and  when 
sufficiently  edulcorated  is  insoluble  in  water.  This 
powder  was  first  examined  by  Mr  Proust.  He  has  as- 
certained it  to  be  a subsulphat  of  copper,  and  to  be 


Composi-  composed  of 18  acid 

tion.  68  oxide 


* 1 4 water 


100  J 

The  experiments  of  Proust  render  it  probable  that 
sulphuric  acid  does  not  combine  with  the  orange  oxide 
of  copper  \ for  when  that  acid  is  poured  upon  orange 
oxide,  one  part  of  the  metal  attracts  oxygen  from  the 
other.  The  consequence  is,  the  formation  of  blue  sul- 
phat of  copper,  and  the  precipitation  of  a red  powder, 
which  is  copper  reduced 


* Gillct.  Laumont,  Phil,  Mag.  xiv.  76. 

t Leblanc.  Jour.  de  Phys,  Iv.  301.  f Ann.  de  dim.  xxxii.  34, 

§ Jaur.  de  Phys.  li.  182. 
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Sp.  5.  Sulphite  of  Copper.  Chap.  III.^ 

Sulphurous  acid  does  not  attack  copper  •,  but  it 
dissolves  its  oxide  with  facility,  and  forms  with  it  a sul- 
phite of  copper.  This  salt  has  been  hitherto  examined 
by  Fourcroy  and  Vauquelin  only.  It  may  be  formed 
by  mixing  together  the  solutions  of  sulphite  of  soda  and 
sulphat  of  copper.  An  orange-coloured  precipitate  im- 
mediately falls,  and  afterwards  small  whitish-green  crys- 
tals are  deposited  ; the  colour  of  which  becomes  deeper 
by  exposure  to  the  air.  The  first  of  these,  in  the  form 
of  an  orange-coloured  powder,  is  a subsulphite  •,  the 
second,  in  the  form  of  crystals,  is  a sulphite  of  copper. 

When  these  salts  are  heated,  they  melt,  and  acquire  a 
leaden  grey  colour.  The  subsulphite  is  insoluble  in 
water ; but  that  liquid  dissolves  the  sulphite,  though 
sparingly.  Nitric  acid  converts  them  into  sulphat  of 
copper  •,  sulphuric  acid  separates  the  acid  from  the  sul- 
phite, and  part  of  the  oxide  is  reduced  to  the  metallic 
state  *. 

Sp.  6.  Phosphat  of  Copper. 

Phosphoric  acid  does  not  attack  copper  immedi- 
ately ; but  when  allowed  to  remain  long  upon  that  me- 
*tal,  oxidation  at  length  takes  place,  and  the  phosphat  of 
copper  is  formed.  This  salt  may  be  obtained  with  great 
facility,  by  pouring  phosphat  of  soda  into  a solution  of 
nitrat  of  copper.  A b'uish-green  powder  immediately 
precipitates,  which  is  phosphat  of  copper.  This  salt  is 
insoluble  in  water.  Its  specific  gravity,  according  tQ 


* Fourcroy,  vi.  373. 
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Hassenfratz,  is  i .41  j8  * When  exposed  to  a red  heat, 
it  oses  its  water,  and  acquires  a brown  colour.  When 
violently  heated,  phosphureted  copper  comes  over.  Ac- 
cording to  the  analysis  of  Mr  Chenevix,  it  is  composed 


brown  oxide  49.5 
water  ...  I2 
acid  ....... 

water 


of  copper 


61. s 

35° 

3-5 


100.0  f 


SJ>.  7.  Carbonat  of  Copper. 

Carbonic  acid  does  not  attack  copper  ; but  it  comf 
bines  readily  with  its  oxide  or  with  the  hydrat  of  copper, 
when  that  compound  is  mixed  with  water,  and  a cur- 
rent of  carbonic  gas  made  to  pass  through  it.  Or  the 
carbonat  may  be  formed  by  precipitating  a solution  of 
nitrat  of  copper  with  a fixed  alkaline  carbonat  if.  To 
give  the  carbonat  all  its  lustre,  the  solution  should  be 
mixed  with  boiling  water,  and  the  precipitate  should  be 
washed  with  great  care,  and  exposed  to  the  light  of  the 
sun.  It  has  then  a fine  apple-green  colour,  and  it  is 
found  often  native  in  its  greatest  beauty.  The  native* 
carbonat  is  known  among  mineralogists  by  the  name  of 
pialachite.  It  is  insoluble  in  water,  and  is  entirely  de- 
composed and  reduced  to  the  state  of  black  oxide  by  the 


* Ann.  dc  Cbim.  xxviii.  12.  f Phil.  Tran,.  1801.  p.  206. 

X Mr  Chenevix  has  shown  that  the  alkaline  carbonats  have  the  pro- 
perty of  dissolving  a portion  of  the  oxide  of  copper,  and  of  forming  with 
it  a triple  salt.  ° 
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action  of  heat.  According  to  the  analysis  of  Proust,  it 
is  composed  of  .....  25.0  acid 

69.5  brown  oxide 
5.5  water 


100.0' 

t 

A hundred  parts  of  copper,  dissolved  in  sulphuric  or 
nitric  acid,  and  precipitated  by  the  carbonat  of  potass 
or  soda,  give  18c  parts  of  carbonat  of  copper,  which, 
being  deprived  of  its  acid  and  water  bydistillation,  leaves 
125  parts  of  oxide  of  copper  *. 

$p.  8.  Ilucit  of  Copper. 

Fluoric  acid  dissolves  a small  portion  of  copper 
when  assisted  by  heat ; and  it  dissolves  its  oxide  with 
facility.  The  solution  is  gelatinous,  and  yields,  when 
evaporated,  blue  crystals  of  lluat  of  copper,  in  the  form 
of  cubes  or  oblongs  f. 

Sp.  9.  Borat  of  Copper. 

When  borax  is  poured  into  a solution  of  sulphat  of 
copper,  borat  of  copper  is  precipitated  in  the  form  of  a 
pale  light- green  jelly,  which  when  dried  is  with  great 
difficulty  soluble  in  water.  It  easily  melts  into  a dark- 
red  vitreous  substance^:.  According  to  Palm,  by  long 
trituration  of  filings  of  copper  and  boracic  acid  in  wa- 
ter, and  then  digesting  the  mixture,  it  dissolves,  and 
crystals  may  be  obtained  from  it. 


5*S 
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* Proust,  Ann.  de  Cbim.  xxxli.  28. 
} Bergman. 
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* v III.  Combustible  Salts. 

Sp.  io.  Acetat  of  Copper. 

Acetic  acid  attacks  copper  very  slowly  in  open 
vessels,  converts  it  into  an  oxide,  and  dissolves  it  : but 
!n  C os<?  vessels  no  action  takes  place.  This  acid  readi- 

7 C°mblneS  Wlth  the  oxide  of  copper,  and  forms  with 
it  an  acetat.  This  salt  was  known  to  the  ancients,  and 
various  ways  of  preparing  it  are  described  by  Pliny  *. 
t is  usually  obtained  by  exposing  plates  of  copper  to 
the  action  of  vinegar  till  they  be  converted  to  a bluish- 
green  powder  called  verdegris,  and  then  dissolving  this 
powder  m acetic  acid,  and  crystallizing  it. 

ropcrtics.  Acetat  of  copper  crystallizes  in  four-sided  truncated 
pyramids.  It  has  a beautiful  bluish-green  colour  Its 
specific  gravity  is  1.779+.  Its  taste  is  disagreeably 
metallic,  and,  like  all  the  compounds  into  which  cop- 
per enters,  it  is  poisonous.  It  is  very  soluble  in  wa- 
ter ; alcohol  likewise  dissolves  it.,  ^hgTexposed  tp 
the  air,  it  effloresces.  By ^filiation 'it  gives  out  acetic 
acid.  Propjjt  §rst  remarked  that  acetous  acid  and  acetic 

j acidr/?fm.  th;e  sam{v  sa]t  with  copper ; and  hence  con- 
cluded that  tj^ere  is  no  difference  between  the  two  acidsj. 
When  sillph?ureted  hydrogen -gas  is  made  to  pass  through 
a solution  of.  this  spit  in  water,  the  copper  is  deoxidized, 
and  precipitates  in  the  state  of  a blue  sulphuret,  and 
there  remains  behind  an  acid  which  possesses  the  pro- 
perties of  the  acetic 


• Lib.  xxxiv.  c.  11. 
t Jour,  de  Plys.  lvi.  an. 


f Hasscnfratz,  Ann.  de  Chim.  xxviii.  15, 
§ Ann.  de  Chim.  xxxii.  j6. 
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According  to  Proust,  the  acetat  of  copper  is  composed 

of 6 1 acid  and  water 

39  oxide 


Chap.  III. 
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Composi- 

tion. 


IOO 
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When  the  verdigris  of  commerce  is  put  into  water, 
0.56  parts  of  it  are  dissolved,  and  there  remains  0.44 
parts  in  the  state  of  a fine  green  powder,  which  remains 
Jong  suspended  in  the  solution.  Mr  Proust  has  ascer- 
tained that  this  powder  is  a subacetat  of  copper.  It  is 
decomposed  by  sulphuric  acid,  by  potass,  and  by  distil- 
lation. According  to  the  analysis  of  Proust,  it  is  com- 
posed of  ......  37  acid  and  water 

63  oxide 


100 

Thus  it  appears,  from  th©-experiments  of  this  philoso- 
pher, that  the  verdigris  of  commerce  is  composed  of 
two  different  acetats  of  copper  ; the  one  soluble  in  wa- 
ter, the  other  insoluble.  It  is  much  used  as  a paint  ; 
and  crystallized  acetat  of  copper  is  a frequent  ingre- 
dient in  dyeing  compounds.  Verdigris  is  formed  in 
great  quantities  at  Montpelier.  A particular  account 
of  the  processes  followed  in  that  place  has  been  pub- 
lished by  Mr  Chaptal*. 

Sp.  11.  Succinal  of  Copper. 

Succinic  acid  dissolves  copper  with  difficulty,  and 
only  when  assisted  by  a long  digestion.  The  solution 
is  green,  and  yielded  Wenzel  small  green  crystals,  the 


■*  Ann.  de  dim.  XXV.  3OJ. 
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dSJu.  ProPerties  of  which  have  not  been  examined.  From 
^ ^ exPer’ments  of  the  same  chemist  we  learn,  that 
there  are  two  varieties  of  this  salt,  a supersuccinat  and 
a subsiigcinat.  He  digested  10  grains  of  carbonat  of 
copper  in  succinic  acid  : An  effervescence  took  place  • 
one  portion  was  dissolved,  but  another  remained  at  the 
bottom  of  the  vessel.  This  portion  weighed  i7  grains, 
it  had  lost  its  carbonic  acid,  and  evidently  contained 
succinic.  Tne  solutions  contained  a portion  of  copper 
which  was  not  separated  by  an  alkali,  but  a hydrosul- 
phuret  and  zinc  threw  it  down  *, 

Sp.  12.  Benzoat  of  Copper. 

Benzoic  acid  does  not  act  upon  copper,  but  it  com- 
bines readily  with  the  oxide  of  that  metal.  The  salt 
formed  is  in  small  crystals  of  a deep  green  colour,  spa- 
ringly soluble  in  water,  and  insoluble  in  alcohol.  When 
heated,  the  acid  evaporates  and  leaves  the  oxide.  The 

alkalies  and  the  carbonats  of  lime  and  barytes  decom- 
pose it  f, 

Sp.  13.  Oxcilcit  of  Copper. 

Oxalic  acid  is  capable  of  attacking  copper,  and 
forming  with  it  needle-shaped  crystals  of  a green  co- 
lour, not^ altered  by  exposure  to  the  airj.  It  combines 
with  great  facility  with  its  oxide.  The  oxalat  formed 
13  in  the  state  of  a bluish-green  powder,  scarcely  soluble 
in  water  unless  with  excess  of  acid.  According  to  Berg- 


* Wcnzel,|i  L'hr'  dtr  Verwandticbaft  dir  Ktrfir.  Grindel’s  edit 
p.  242. 

■f  Trommsdorf,  Ann.  dt  Chim.  xi.  315. 

1 Wenzel,  Ibid.  p.  229. 
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man,  to  whom  we  are  indebted  for  all  that  is  yet  known  Chap.  III. 
of  this  salt,  2i  parts  of  copper  require  29  parts  of  acid 
to  dissolve  them.  Oxalic  acid  precipitates  this  salt 
from  liquid  sulphat,  nitrat,  muriat,  and  acetat  of  cop- 
per *. 

Sp.  14.  Mellat  of  Copper. 

Mellitic  acid,  when  dropt  into  acetat  of  copper, 
throws  down  a precipitate  of  a Spanish  green  colour, 
but  produces  no  change  on  muriat  of  copper  f . 

Sp.  15.  fart  rat  of  Copper. 

Tartaric  acid  has  little  action  on  copper;  but  it  ' 
dissolves  the  metal  at  last  by  the  assistance  of  the  air, 
which  converts  it  into  an  oxide,  and  the  solution  shoots 
into  dark  bluish  green  crystals  |.  When  this  acid  is 
poured  into  the  sulphat  or  muriat  of  copper,  it  precipi- 
tates a tartrat  of  that  metal  in  the  form  of  blue  crystals  § • 

Sp.  1 6.  Citrat  of  Copper. 

Citric  acid  scarcely  acts  on  copper;  but  it  dis- 
solves its  oxide  when  assisted  by  a boiling  heat,  and  the 
solution  yields  light  green  crystals  ||. 

Sp.  17.  Saccolat  of  Copper. 

Sulphat  of  copper  is  not  precipitated  by  saclactic 
acid^[. 


* Bergman,  i.  267.  f Klaproth’s  Beit  rage , iii.  132. 

t Grindel,  Wenzel’s  Ver-wandtschaft  der  Korper , p.  214 
§ Bergman,  iii.  456.  jj  Wenzel,  Ibid.  p.  185. 

1 Sch«ele,  ii.  8o» 
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Sp.  18.  Lactat  of  Copper. 

When  lactic  acid  is  digested  on  copper,  it  assumes 
first  a blue  colour,  and  then  a green,  which  passes  into 
a dark  brown;  but  the  solution  does  not  crystallize*. 

Sp.  19.  Suherat  of  Copper. 

ouberic  ACID  gives  a green  colour  to  nitrat  of  cop- 
per, but  occasions  no  precipitate  •('. 

' , 

Sp.  20.  Prussiat  of  Copper. 

The  triple  prussiats  precipitate  copper  from  its  so- 
lutions of  various  shades  of  brown,  some  of  which  are 
remarkably  beautiful.  Mr  Hatchett  has  lately  recom- 
mended this  prussiat  as  an  excellent  pigment;  and  when 
tried  by  artists,  both  in  oil  and  water,  if  was  found  to 
excel,  in  beauty  and  durability,  every  brown  paint 
.known.  The  method  of  preparing  this  paint  recom- 
1 mended  by  Mr  Hatchett  is  the  following:  Dissolve 
oxymunat  of  copper  in  ten  parts  of  water,  and  precipi- 
tate with  triple  prussiat  of  lime  till  the  whole  is  thrown 

down.  Wash  the  precipitate,  and  dry  it  without 
heat  p 

IV.  Metallic  Salts. 

Sp.  21.  Arseniatcd  Copper. 

When  arsenic  acid  is  digested  on  copper,  the  metal 
is  oxidized  and  dissolved,  and  a bluish-white  powder  is 


• Scheele,  iL  66.  f Bouillon  Lagrange,  Ann.  dc  Cbim.  xxiii,  48. 

f Journal  of  the  Royal  Institution  ^ i.  ^06. 
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formed,  which  consists  of  the  arseniat  of  copper.  This 
salt  may  be  formed  also  by  pouring  arsenic  acid  into 
acetat  of  copper,  or  by  precipitating  nitrat  of  copper  by 
means  of  an  alkaline  arseniat*. 

Arseniat  of  copper  has  been  lately  found  native  in 
considerable  quantities  in  the  mine  of  Huel  Gorland  in 
the  parish  of  Gwennap  in  Cornwall  ; and  a very  inte- 
resting description  and  analysis  of  it  have  been  pub- 
lished by  the  Count  de  Bournon  and  Mr  Chenevix  in 
the  Philosophical  Transactions  for  1801.  From  the  ex- 
periments and  observations  of  these  celebrated  philoso- 
phers, it  appears  that  there  are  no  less  than  five  varie- 
ties  of  arseniated  copper,  differing  from  each  other  in 
the  proportion  of  oxide,  acid,  and  water,  -which  they 
contain.  In  general  they  are  insoluble  in  water,  if  we 
except  one  variety,  which  seems  to  be  a superarseniat, 
and  which  hitherto  has  not  been  found  native.  Their 
colour  varies  from  a deep  blue  to  green,  and  even  to 
brown,  yellow,  and  black.  This  variation  seems  to  de- 
pend upon  the  proportion  of  water  which  they  contain, 
the  blue  and  the  green  containing  most,  and  the  brown 
least  water. 

Variety  I.  Obtuse  octahedral  Arseniat — This  variety 
is  crystallized  in  obtuse  octahedrons,  composed  of  two 
four-sided  pyramids  applied  base  to  base,  the  faces  of 
which  are  isosceles  triangles  ; and  two  of  them  which 
are  opposite  are  more  inclined  than  the  others.  These 
meet  at  the  apex  at  an  angle  of  130°,  and  at  the  base 
at  an  angle  of  50°.  The  pyramids  often  terminate  in 
ridges.  These  crystals  arc  commonly  a deep  sky-blue, 
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and  sometimes  a fine  grass-green.  Their  specific  gra- 
vity is  2.8S1  t.  They  are  composed,  according  to  the- 
analysis  of  Chencvix,  of  14.3  acid 

50.0  brown  oxide 

35.7  water 

\ “ 

iOc  o 

Variety  2.  Aexahedral  Arseniat. — This  variety  is 
commonly  found  in  very  fine  six-sided  lamina,  and  is 
divisible  into  thin  scales  like  mica.  It  is  of  a deep 
emerald  gieen  colour  ; and  its  specific  gravity  is  2.548  -jv 
It  is  composed  of  .....  43  acid 

39  oxide 
18  water 

100  | 

This  variety  precipitates  in  the  form  of  very  small 
blue  crystals  when  arseniat  of  ammonia  is  poured  into 
nitrat  of  copper  §. 

Variety  3.  Acute  octahedral  Arseniat. — ^This  variety 
is  composed  of  two  four-sided  pyramids  applied  base  to 
base ; two  of  the  faces,  which  are  more  inclined,  meet 
at  the  apex  at  an  angle  of  84°,  and  at  the  base  at  one 
of  96°.  The  other  two  form  at  the  apex  and  base  angles 
of  68°  and  1 120.  The  apex  of  the  pyramids  is  often  a 
ridge.  Very  frequently  it  assumes  the  form  of  a rhom- 
boidal  prism,  terminated  by  dihedral  summits,  and  in 
many  cases  the  angles  of  96°  are  truncated.  Its  usual 
colour  is  brown  or  dark  bottle-green.  Its  specific  gravity 


* Bournon.  f ijt 

1 Vauquelin,  Jmir.  de  Min.  x.  562. 

§ Chencvix. 
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is  4.280*.  It  is  composed  of  29  acid 

50  oxide 
21  water 

100 

But  sometimes  it  is  destitute  of  water  altogtherf. 

Variety  4.  Trihedral  arseniat — The  primitive  form 
of  this  variety  is  a trihedral  prism,  whose  bases  are  equi- 
lateral triangles ; but  it  occurs  crystallized  in  a great  va- 
riety of  figures,  which  have  been  described  with  great 
accuracy  by  the  Count  de  Bournon.  They  are  usually 
of  a fine  bluish-green  colour,  and  of  the  same  specific 
gravity  as  the  last  species.  When  opaque,  they  are 
sometimes  nearly  black.  They  are  composed,  accord- 
ing to  the  analysis  of  Chenevix,  of  30  acid 

54  oxide 
1 6 water 

1 00 

Variety  5.  Super  arseniat. — This  salt  has  not  been 
found  native  ; but  it  has  been  formed  by  Mr  Chenevix 
by  the  following  process  : Arseniat  of  ammonia  was 
poured  into  the  nitrat  of  copper,  and  occasioned  a pre- 
cipitate, which  was  the  second  variety  described  above. 
The  solution  which  retained  its  blue  colour  was  par- 
tially evaporated,  and  then  alcohol  was  poured  into  it. 
Another  precipitation  took  place,  and  increased  consi- 
derably on  allowing  the  solution  to  stand.  This  preci- 
pitate consisted  of  rhomboidal  crystals  of  a blue  co- 
lour X-  They  were  composed  of 


* Bournoa.  f Chenem.  { Phil.  Tr*ns.  1801,  p.  307. 
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40.1  acid 
35.5  oxide 
24.4  water 


100.0 

Perhaps  a more  precise  idea  may  be  formed  of  the  com- 
position of  these  varieties  from  the  following  Table, 
which  exhibits  the  proportion  of  oxide  and  water  com- 
bined in  each  witji  1.00  of  acid,  according  to  the  ana- 
lysis of  Chenevix. 


Acid. 

Oxide. 

Water. 

Composi- 

Variety 1st,  1.00 

3-7° 

2.50 

tion. 

2d,  1. 00 

2.76 

1.00 

3d,  1. 00 

1.72 

O.70 

4 th,  1. 00 

1.80 

®'53 

5th,  1. 00 

0.88 

o.6o* 

Arseniteof  The  white  oxide  of  arsenic  is  capable  also  of  combi- 
COppCr*  ning  with  copper.  It  forms  with  the  oxide  of  that 
metal  an  arsenite , usually  distinguished  by  the  n^me  of 
Scheele's  green,  because  Mr  Scheele  first  examined  it, 
and  proposed  it  as  a paint,  It  may  be  formed  by  dis- 
solving 2 parts  of  sulphat  of  copper  in  44  parts  of  wa- 
ter, and  likewise  2 parts  of  potass  of  commerce  and 
nearly  1 part  of  the  white  oxide  of  arsenic  pulverised 
in  44  parts  of  water,  by  the  assistance  of  heat.  The 
solution  of  copper  is  gradually  added  while  hot  to  the 
arsenite  of  potass,  and  the  whole  is  often  stirred  du- 
ring the  mixture.  The  mixture,  on  standing,  gradually 


* See  Haoy’  remarks  on  this  analysis;  Jour,  do  M;«.  xiil.  4-S- 
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deposites  the  arsenite  of  copper  in  the  form  of  a fine 
green  powder.  It  is  to  be  washed  well  with  water  and 

then  dried*. 

Sp.  22.  Molyhdat  of  Copper. 

Molybdic  acid  throws  down  a green  precipitate 
from  nitrat  of  copper  -j-. 

Sp.  23.  and  24.  Tungstat  and  Chromat  of  Copper. 

Tungstic  acid  and  its  compounds  occasion  a white 
precipitate  when  poured  into  the  salts  of  copper ; and 
when  chromic  acid  is  dropt  into  nitrat  of  copper,  a red 
precipitate  falls  J. 

V.  Triple  Salts. 

Sp.  25.  fartrat  of  Potass  and  Copper. 

This  salt  may  be  obtained  by  boiling  together  oxide 
of  copper  and  tartar  in  water.  The  solution  yields  by 
evaporation  blue  crystals,  which  have  a sweetish  taste, 
and  contain  a great  proportion  of  metal  §.  When  tar- 
tar and  copper,  or  its  oxides,  are  boiled  together,  they 
dissolve;  and  by  evaporating  to  dryness,  a bluish-green  Brunswick 
powder  is  obtained,  which,  according  to  Leonhardi,  g 
constitutes  the  better  kind  of  the  pigment  called  Bruns- 
wick green  ||. 

The  oxides  of  copper  are  capable  of  entering  ipto  se- 
veral other  triple  compounds,  both  with  the  metalline, 


•*  Schcele,  i.  a6i.  t Hatchett. 

} Scheelc  and  Vauquelin. 

5 Thcnard,  Ann.  dt  Cbim.  xxxviii.  36. 

Gren's  Pandbucl  der  Cbemie , iii.  33*’ 
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DWsLji  and  eanhy>  and  alkaline  salts  ; but  the  properties  of 
' these  comP°unds  have  not  been  examined  with  preci- 
sion, if  we  except  the  solutions  obtained  by  pouring 
ammonia  on  most  of  the  Salts  of  copper. 


end  of  the  second  volume. 


Printed  by  John  Brown,? 
Anchor  Cloie,  Edinburgh*  £ 
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